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Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 1989 
by Barry Wiseman (N6CSW), the magazine continues publication 
for those who appreciate the value of operating vintage equipment 
and the rich history of radio. It is hoped that the magazine will © 
provide inspiration and encouragement to collectors, restorers 
and builders. It is dedicated to the generations of radio amateurs, 
experimenters, and engineers who have preceded us, without 
whom many features of life, now taken for granted, would not be 
possible. 

We depend on our readers to supply material and photos for 
ER. Our primary interest is in articles that pertain to vintage 
equipment and operating with a primary emphasis on AM, but 
articles on CW, SSB, and shortwave listening are also needed. 
Photos of hams in their radio shacks are always appreciated. We 
invite those interested in writing for ER to write, email, or call. 


Regular contributors include: 
Chuck Teeters (W4MEW), Jim Hanlon (W8KGI), Tom Marcellino 
(W3BYM), Gary Halverson (K6GLH), David Kuraner (K2DK), Larry Will 
(W3LW), Dave Gordon-Smith (G3UUR), Mike Bittner (W6MAB), D.S. 
“Jeep” Platt (K3HVG), Jeff Covelli (WA8SAJ), Joe Long (WA2EJT), Jim 
Riff (K7SC), David Ishmael (WA6VVL), George Misic (KE8RN) 


Editor’s Comments 


Hammond Manufacturing Takes Over the 
Peter Dahl Product Line 
Hammond Manufacturing Company, Inc. of 
Cheektowaga, New York, acquired the Peter Dahl 
line of products from Harbach Electronics, LLC. 


Finalization of the acquisition and transfer of Pais! ; 
assets will be completed by March 31, 2012. The 

new contact person at Hammond Manufacturing Company, Inc. will be Mark 
Mercer (mmercer@hammfg.com) and he can be reached by phone at 716- 630- 
7030. Harbach Electronics discontinued producing and selling the Peter W. Dahl 
line of transformers in February 2012. Hammond’s acquisition is really good news! 
West Coast MRCG Announcement 

The eighteenth annual meeting of the West Coast Military Radio Collectors 
Group will be held at the NCO Club, at the Camp San Luis Obispo National Guard 
Base in central California on May 3 and 4, 2013. 

This popular event includes a swap meet, field operating events, functional 
displays, technical presentations and Mk 1, Mod 0 Gabfests. Events will begin at 
0800 Friday morning, but early arrivals are welcome in the afternoon on Thursday, 
May 2. Free registration will open at 1800 Thursday evening. 

Updated information about this event will be posted to http://www.mrcgwest.org 


(Continued on Page 34) 
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Cover: Greg Lamey, VK5LG, of Cudlee Creek, Australia, has rescued a rare and 
historic commercial AM transmitter that was made downunder, minutes 


before it went to the junk yard, and has restored it. Greg currently has it on the 
40-meter Australian AM net. The story about the project begins on page 24! 
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A Single-Voltage Battery Charger 
With Float Charge Capability 


By Tom Marcellino, W3BYM 
13806 Parkland Drive 
Rockville, MD 20853 


w3bym@logonbasic.com 


This project is the direct result of 
repairing a 1955 vintage mobile radio. 
The radio, in this case, was from a 1955 
Ford Thunderbird. A fellow club member 
brought me the faulty radio for repair 
and also supplied a parts radio. I agreed 


to do the repair, not thinking about a 


source of power. 

In the ‘50s, most car radios were 
powered by the car’s six volt battery. 
These older type batteries are also called 
“flooded lead-acid.” I have many twelve 
volt high current sources but nota single 
one for six volts. 

The next step was to purchase a six volt 
battery from an auction site. The battery 
found was of newer technology and 
labeled “AGM” that stands for Absorbent 
Glass Mat. The battery is a sealed lead- 


Ps FE 


Figure 1: This 1955 F rd 


radio has eight tub 


es. The vibrator and the square power 


transformer are located in the lower left. Auto radios of this era were completely 
enclosed in steel cases and B+ was 140 VDC. 
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acid type with all the acid in the glass 
mats. With the acid in this state it is legal 
to ship via snail mail. 

While searching for the battery and 
waiting for its delivery, I continued with 
the radio’s repair. Much could be done 
without the power source. All of the 57- 
year-old capacitors needed replacement. 
The main power switch and tuning clutch 
were also defective. The parts radio 
supplied the power switch and | 
manufactured a new tuning clutch. 

When the new six volt battery was 


SIX VOLT 


BATTERY CHARGER 


Me 


Two Amps Max 


fm_With auto oe 


Float Charge 


mode lamps are located below the current 


ohm series load resistor is located under the handle. 
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Figure 2: The max charge-float charge meter is on the left 
and the expanded voltmeter is on the right. The charge 


received and connected, the radio worked 
great. The new six volt battery is rated at 
12-AH (amp-hours) and weighs a mere 
four pounds. Also, Ford radios of the era 
had a positive ground. This was 
something I had forgotten about but 
after a bit of experimentation it was soon 
discovered. 

Now several months have passed and 
both the repaired and parts radios have 
been returned to their owner. I now have 
a six volt battery sitting on the shelf with 
no way to maintain it in a charged 
condition. Hence, a 
battery charger was 
needed. OK, I know a 
simple charger is 
commercially available 
at very reasonable cost 
but what fun would 
that be! So once again | 
got to use up more 
junk-box parts and be 
a little creative with the 
design. 

After doing some 
research, this battery 
can be max-charged at 
20% of rated capacity 
and float charged at 
1%. So, for this 12-AH 
unit, the charge current 
max is 2.4-amps with a 
limit of 7.2 volts. The 
float conditions will be 
120-mA of charging 
current with a voltage 
limit of 6.8 volts. 

Using these 


parameters I set out to 


m 


design a matching 
battery charger. My 
transformer stock 


meter. The 1- supplied the ideal 16- 


April 2013 8 


POS 4 


NEG BAT 


Figure 3: The heavy lines drawn in the charge path represents #16 AWG insulated- 
stranded wire. No AC power switch is needed and the sense wire is connected 


directly to the positive battery terminal. 


VCT at 4-amp transformer. The only 
purchased part was the 6-volt, DPDT, 
ice cube relay. 

The finished charger incorporated 
some creative ideas. There is no AC power 
switch. This is not creative, but a first for 
me. A relay sensing circuit was employed 
and the transformer’s center tap is 
modulated via a set of relay contacts to 
provide the float-charge mode. An 
expanded scale DC voltmeter with a 4-8 
volt range is included. 

The key part of the voltage sensing 
circuit is a relay. The six volt ice cube 
relay pulls in at much less than 6 volts. 
The max charge voltage of 7.2 volts was 
achieved, by shifting the relay’s pull-in 
level up, using four diodes and a small 
resistor, R5. Five series diodes would 
have raised the sense level above 7.2 volts 
so a small 5-ohm resistor in series with 
the four diodes brought the sense level to 
spec. When sensing voltage, as in this 
case, it is extremely important to route a 
sense wire directly to the battery's positive 
terminal. Sensing anywhere else on the 
high current line will yield faulty data. 

When a discharged battery is connected 
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and the charger plugged in, the max 
charging current will flow into the battery, 
limited by R1. As the 7.2 volt level is 
approached the relay coil will tend to 
pull in. This tendency is due to the four 
diodes in series with the coil. Diodes of 
this type don’t have sharp knees so there 
is a transition time before the diodes fully 
conduct. This pull-in tendency will try 
to open K1B’s closed contacts. R3, a 1.64 
ohm resistor, is connected across K1B’s 
closed contacts to maintain current flow 
during this period. Obviously, the current 
meter will show some fluctuations during 
this transition. A Zener diode rated at 
3.9 volts could replace the four diodes 
and R5 but none were in stock here. 

When the full-charge voltage level has 
been reached, K1B will transfer to the 
normally open position. R3 now has a 
second purpose and is positioned in series 
with R1 to decrease the charge current. 
R2,a10-ohm, 20-watt resistor, is placed 
in the circuit via K1B and further reduces 
the charge current to the float spec. KIA 
controls the front panel charge mode 
lamps. 

During the float mode the charger will 
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Figure 4: The expanded scale voltmeter 
parts are mounted on the rear of the 
meter. The main rectifiers are located 


at 9 o’clock. R2 is actually two resistors 


mounted between the rectifiers and the 
ice cube relay. The sense diode string is 
terminal-mounted, between the two 
meters. 


be supplying 80-mA for the relay and the 
1% float charge current to the battery. 
The battery can remain on the charger if 
preferred. If the power plug is removed, 
the battery will be loaded with the relay 
current, which isn’t detrimental, but over 
a long period of time will discharge the 
battery. The relay coil will remain 
energized until the battery voltage drops 
into the lower 5-volt range. 

CRI1 and CR2 are very large overkill 
rectifiers. They have been in stock forever 
and this was an opportunity to make use 
of them. Both diodes are mounted with 
their cathode studs to an aluminum plate 
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and the plate is mounted to the cabinet 
by means of nylon hardware and mica 
washers. As a result the plate is now 
placed at a positive potential above 
ground. This 
condensed the wiring paths. 

The voltmeter has a basic movement of 
500-pA FS configured in an expanded 


scale circuit. The scale is calibrated from 


mounting method 


4-to-8 volts using a 5-volt Zener diode 
anda 10k-ohm miniature calibration pot. 
The meter was calibrated at the 6 volt 
point by adjusting the 10k pot while 
using an external digital meter. 

Il added a red line on the scale at the 7.2 
volt max charge point. 

This is a dedicated charger. It is setup 
for a 6-volt. 12-AH, lead-acid battery. If 
the secondary transformer voltage is 
changed, the max and float limiting 
resistors must be adjusted accordingly. 
Similarly if a different AH battery is used 
these same components will need 
changing. 

The positive and negative current wires 
are drawn with heavy lines on the figure 
3 diagram for a reason. I used #16 AWG 
insulated stranded wire. This is not the 
place to use panel mounted binding post 
or any other type of connector. This is 
not the time or place to use high resistance 
clip leads either. 

As shown on the front panel, the 
positive and negative wires are threaded 
through the panel grommets and connect 
directly to the circuit and battery 
terminals as shown. In other words 
maintaining minimum resistance in the 
charge path is imperative. This AGM 
battery has standard spade lug terminals. 
I used matching female crimp connectors 
with the addition of solder. Any crimp 
connection is 10 times more reliable when 


Idered. 
soldere ER 
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A Homebrew 1E7G Regenerative Receiver 


By Mike Bittner, WOMAB 
Palos Verdes Peninsula, CA 


mmab@cox.net 


Here is a fairly simple homebrew 
regenerative receiver based on two items 
that have always interested me with regard 
to this kind of set. First is the ancient 
method of regeneration control by 
mechanically varying the coupling 
between tickler and tank coils— something 
I’ve never tried before—and second, the 
use of twin pentode battery tubes. The 
set turned out to bea good performer and 
it took second place in one of the Southern 
California Antique Radio Society’s annual 
contests in which several homebrews and 
factory-built radios were included in the 
same competition. First place was taken 
by a factory job. 


The Circuit 

As shown in figure 2, the circuit is like 
most other regenerative circuits that have 
a pentode detector that is transformer 
coupled to a pentode audio amplifier. 
Grid bias voltage for the audio amplifier 
is obtained by means of the bypassed 
230-ohm resistor connected between B- 
and ground. Antenna coupling, band set 
and band spread are controlled by the 
20-pF, 100-pF and 30-pF variable 
capacitors, respectively. The 1-Meg 
potentiometer is the volume control, 
which also controls the power switches 
S1A and S1B with the first few degrees of 
its rotation. Regeneration control is 
obtained by rotating the tickler coil L2 
with respect to the tuning coil L1. The 
200-k swamping resistor across the audio 


transformer’s secondary was found to be 


BANDSPREAD 
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Figure 1: The front view of my 1E7G regenerative receiver shows all controls. 
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Figure 2: Schematic Diagram of my 1E7G Regenerative Receiver 


necessary for preventing fringe howl. 
Parts 

All parts were purchased in used 
condition, at various swap meets, and 
refurbished as necessary. 
* Coil: I designed this radio around a 
military surplus coil that had been 
languishing in my junk box for decades. 
It has a rotatable coupling coil mounted 
inside the main coil with a control shaft 
running through it at a 45-degree angle. 
Turning the shaft results in either 


Figure 3: Two views of a TCS transmitter output coupling coil, as used in this set. 
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complete coupling (coils aligned with 
each other) or zero coupling (coils 
orthogonal to each other). Respondents 
to my enquiries on the military surplus 
list (milsurplus@mailman.qth.net) and 
the ARC-5 list (arc5@mailman.qth.net) 
confirm that this coil was originally meant 
to be used as the output coupling coil for 
the Navy TCS transmitter. I thought 
that the rotatable coil could function as 
the tickler coil in a regenerative set, and 
that’s how the idea for this set was born. 
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The main coil’s grooved ceramic form is 
2-inches in diameter and has 24 turns of 
#18 enameled wire spread over a winding 
length of 1-3/8 inches (L1). The rotatable 
coupling coil’s grooved ceramic form is 
1-% inches in diameter and has 5 turns 
of #18 enameled wire (L2). With the 
bandset and bandspread capacitors shown 
in the figure 2 schematic diagram, the 
main coil turned out to cover from 60 
through 30 meters with the 40-meter 
ham band registering close to the center 
of the bandset dial. 

¢ Tube: The 1E7G is a dual power 
pentode that was originally meant for use 
as a push-pull audio amplifier in portable 
and farm radios of the mid-1930s. This 
tube also found service as the transmitter 
modulator and receiver audio amplifier 


in the military TBY transceiver. It seemed 
like a logical choice for a regenerative 
receiver with one pentode used as the 
detector and the other as an audio 
amplifier. The only difficulty with this 
idea is that the screen grids of both 
pentodes are connected together. 
Consequently , the common method of 
controlling regeneration by varying the 
detector’s screen-grid voltage cannot be 
used without also changing the gain of 
the audio-output section. Here is where 
the surplus coil provides the perfect 
solution. With its rotatable coupling coil 
used as a tickler coil for regeneration 
control, both sections of the 1E7G can 
be used with the correct screen grid 
voltage. 

¢ Other Components: The 3:1 audio 


Figure 4: This top view of the receiver shows placement of major components. The 
‘wiring gets a bit busy when you have two pentodes in one envelope. 
April 2013 
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transformer is marked “Jefferson STAR.” 
The variable capacitors are Hammarlund 
units with brass plates that were badly 
corroded and refurbished as described 
below. The large fixed capacitors are 
surplus “bathtub” units while the small 
ones are by Micamold. A National Type 
AM 5:1 vernier dial serves as the 
bandspread dial. A small planetary ball 
drive mechanism of unknown origin 
(possibly Jackson Bros.) is used for the 
regeneration control. I made a small 
plastic pointer for this drive to indicate 
the tickler coil coupling position from 
minimum to maximum. 
Refurbishment 

I removed corrosion from brass parts 

in a rock tumbler with a slurry of cider 


vinegar and washed, sifted, beach sand. 
(There’s plenty of that around here— 
beach sand, not cider vinegar.) The used, 
body-end-dot style resistors were 
measured to find their actual values, and 
then cleaned and repainted with the 


Figure 5: Rear view of th 
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TEAS TEST 


Receiver 


correct color codes using model airplane 
enamel. The six binding posts were 
cleaned off with lacquer thinner and re- 
labeled with Tekni-Cal™ decals. 
Construction 

I employed the old-time homebrew 
technique of using a wooden baseboard 
for mounting the major components 
(surface mounted components?) and a 
front panel for all of the controls. 
¢ Baseboard and Panel: I cut the 8-“ 
inch by 6-5/8 inch baseboard from a 
scrap piece of cedar house siding from an 
old house undergoing remodeling and 
then planned it down until it was smooth 
on both sides (it came out to %-inch 
thickness). The top and edges of the 
baseboard are finished with a coat of 
clear shellac. I cut the 8-%4 inch by 5-”% 
inch Masonite front panel from the back 
panel of an old TV set that my neighbor 
put out for the trash. The front and edges 
of the panel are finished with black 
wrinkle spray can paint from an auto 
supply store. The front 
panel lettering was 
done with Tekni-Cal™ 
decals. For shielding 
and grounding, I glued 
paper 
backings on the back 
of this panel and on 
the bottom of the 
Dascboardars plied 
previous incarnation, 


metalized 


these metalized paper 


backings were 
wrappings on 
Hershey.s 4..Giant. 


chocolate bars. The 
wrappings turn out to 
have a resistance of one 


ohm-per-square and 
make excellent shields. 
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Figure 6: Right Side View of the Receiver 


* Component Mounting and Wiring: 
All baseboard components are fastened 
in place with #6 binder-head, sheet-metal 
screws of appropriate length. I had to 
make a small L-bracket to mount the 
bandspread capacitor in order to provide 
behind-panel space for the projection of 
the vernier drive-shaft coupling. All other 
controls are mounted directly on the panel 
and all are grounded to the metalized 
backing on the panel except for the 
antenna-coupling capacitor. Before 
mounting this capacitor, I trimmed the 
metalized paper backing around its 
bushing such that it only touches the 
Masonite. All wiring is #22 solid tinned 
wire, covered with yellow fiberglass 
sleeving. Refer to figures 4, 5 and 6 for 


further details of the construction. 
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Performance 

I use a pair of Trimm “Commercial” — 
headphones of 17,000-ohms impedance 
with this radio, as they are a good match 
to the 16,000-ohm load of one section of — 
the 1E7G running class A. With 135 
volts from my Heathkit power supply in 
lieu of a “B” battery, a 2-volt gel cell as an 
“A” battery, and a 30-foot indoor wire as 
an antenna, the set does a good job of 
demodulating AM and CW signals as 
well as single-sideband transmissions. 
There are no hand capacity effects with — 
any of the controls except for the antenna 
coupling. (I should have mounted that — 
one back from the panel and added a 
long extension shaft.) The regeneration 
control is quite sensitive, even though it 
is being driven through a 6:1 vernier 
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Figure 7: Some tubes representative of the three series of 1930’s, 2-volt, battery 
tubes with ST glass envelopes. From left to right, we see representative tubes of the 
first series (30 and 32), second series (1A4 and 1A6), and the third series (1D5G 
and 1C7G). Some of the earlier tubes were originally produced with tubular and 


balloon envelopes carried over from the pre-1930 era. 


drive. It probably needs a turn or two 
removed from the tickler, but I’ve left it 
as-is, as I didn’t want to mess with that 
original TCS coil. Although I’ve moved 
on to other receivers since building this 
one, I did use it, fora time, for monitoring 
the 40-meter swap net, code practice, 
international broadcasts, etc. 
Addendum: 

A Very Brief Look at Early 1930’s 
USA Battery Receiver Tube 
Development 

In the latter part of the 1920s, radio 
receivers were emerging from the age of 
battery-powered, 5-volt, tube-based 
tere. -ULA) tG 


incorporating tubes with screen grids and 


designs designs 
indirectly heated cathodes for operation 
from AC power. Meanwhile, there 
remained a need for battery powered 
radios for portable operation in the 
military and on farms and in other rural 
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areas without electric power service. As 
we cross over to the 1930s, this need was 
met with three successive new series of 
tubes, all with 2-volt filaments and ST- 
type glass envelopes, before we finally 
arrive at the 1.4-volt tubes with octal, 
loctal, and miniature button bases in the 
late 1930s. All of these early 1930s 2-volt 
tubes could be lit with a 2-volt wet cell or 
a pair of 1.5-volt, number 6 dry cells 
wired in series with a suitable rheostat to 
reduce their series-wired voltage from 3 
volts to 2 volts. First, there were the tubes 
numbered 30, 31, etc. with standard 4 or 
5-pin bases. This was followed by a series 
numbered 1A4, 1A6, etc., still with 
standard bases. Finally, there came a series 
with the “G” suffix such as 1D5G, 1C7G, 
etc., with octal bases. This latter series 
included the 1E7G that is used in the 
homebrew regenerative receiver described 
above. 


ER 
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Homebrew Ceramic Filters 


By Dave Gordon-Smith, GZUUR 
Whitehall Lodge, Salhouse Road 
Rackheath, Norwich 

UK NR13 6LB 


daveg3uur@gmail.com 


Over the years, I’ve had the odd 
requirement fora filter on a non-standard 
IF. Once in a while I’ve needed one ona 
standard frequency but with a bandwidth 
that’s not available, or is very hard to find 
here in the UK. Getting special filters 
made for vintage equipment can be 
prohibitively expensive, so that’s been 
out of the question for me, and any type 
of AM filter for a non-standard IF is 
usually almost impossible to find on the 
surplus market. Luckily, though, I'd 
developed a keen amateur interest in 
crystal filters back in the ‘70s, when I was 
heavily involved in making homebrew 
gear, and discovered quite a lot about 
them. Later, this knowledge proved 
invaluable for making replacement or 
extra filters for old receivers when my 
interest turned to collecting vintage radio 
equipment in the mid-1980s. Since then 
I’ve made a number of different AM, CW 
and SSB filters using LF ceramic 
resonators on various frequencies. | 
thought that some of you might, possibly, 
find my experiences with these little 
devices interesting and a few, perhaps, 
could even find the designs useful; so 
that’s the motivation for writing these 
notes. 

LF Ceramic Resonators 

Ceramic resonators have been available 
on 250, 455, 500 and 1000 kHz for 
many years now, and you can sometimes 
find them on other useful frequencies 
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like 560, 700 or 800 kHz. Their Q values 
are somewhat higher than can be achieved 
with LC circuits on the same frequency, 
but much lower than those of quartz 
addition, they have 
substantially different motional 


crystals. In 


parameters compared to quartz crystals 
and, despite their lower Q, they do have 
great potential for use in IF filters. Their 
characteristics make them more suitable 
for the Dishal USB ladder configuration 
than the more common LSB one used for 
most crystal ladder filters. Of course, you 
can use the LSB configuration if you 
want, but the filter centre frequency will 
be 10 to 20 kHz below the frequency 
marked on the resonators and that’s 
usually not going to put the centre 
frequency where you want it. The range 
of bandwidths that can be achieved at 
each frequency with ladder filters is 
restricted by resonator Q at the lower 
end and the separation of the series and 
parallel resonances (pole-zero spacing) | 
at the upper end. However, when you're 
making a filter for a particular centre 
frequency, the extent to which the wider 
bandwidths can be accommodated is 
more often dependent on the load 
capacitance (C,) required to put each 
resonator on its marked frequency than 
on its pole-zero (PZ) spacing, and that’s 
outside our control, of course. 

Murata ceramic resonators seem to have 
those other 
manufacturers, and usually have higher 
values of Q than the rest. The better 
resonators on 455 kHz are suitable for 
use in simple CW filters. Bandwidths as 
narrow as 600 Hz can be achieved with 
4-pole filters giving 6 to 10 dB insertion 


from 


the edge on 
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loss and a 6/60 dB shape factor of around 
5. That’s not stupendous, but it’s a 
worthwhile improvement over using an 
SSB filter on CW. Murata ceramic 
resonators also make quite good tunable 
notch filters. Their resonators on 500 
kHz are very nearly as good as those on 
455 kHz, but both types have a fairly 
wide spread of Q values from about 1100 
to over 3000. Ceramic resonators on 
frequencies above 500 kHz have 
somewhat lower values of Q, but even at 
1000 kHz they can have a Q of over 
2000. These are fine for making AM 
filters and can also be used for SSB filters 
provided higher insertion loss and a bit 
of pass-band rounding can be tolerated. 
Ive even found you can make quite 
reasonable 4-pole AM filters (8 kHz wide) 
between 1952 and 1994 kHz using 
Murata series CSA 2-MHz ceramic 
resonators. 
Dishal USB Ceramic Ladder Filters 
The Dishal USB filter configuration 
has the resonators in shunt and the 
coupling capacitors in series with the 
signal path as illustrated in figure 1. 
Designs for Chebyshev and Butterworth 
responses produce a symmetrical circuit 
about the central component (C,, in this 
6-pole filter), so C,, = C,, and C,, = C,, 
If the ceramic resonators are all identical, 
which you have to assume initially at the 
design stage, the relationship between 
the various parallel fine tuning capacitors 


is that C,=C,,C,=C,, and C,=C,. Also, 


the capacitive load “seen” by each 
resonator must be the same if they’re 
identical, so C, + C,, = C,, + C,+C,, = 
Gaile Cy In other words, what each 
individual resonator “sees” as a capacitive 
load includes the capacitors coupling it 
to the resonators on either side as well as 
any parallel capacitance. The end 
resonators only link to one coupling 
capacitor, of course, and therefore require 
a larger parallel tuning capacitor than the 
innermost resonators. 

The termination impedance is purely 
resistive if C, and C, are precisely the 
right value to tune resonators X1 and X6 
to the centre frequency, but some of the 
tuning capacitance can be extracted for 
the termination, if necessary, to make it 
complex. The resonators behave like 
coupled parallel-tuned circuits, but with 
a difference. The fact that these are really 
series-tuned circuits working above their 
own natural frequency, which happen to 
resonate in a parallel mode with the total 
parallel capacitance across them, does 
complicate things a bit. However, once 
this has been sorted out and the effective 
parallel inductance and capacitance found 
for a particular type of resonator, a design 
can be done for one bandwidth using the 
k and q values generated from Dishal’s 
equations and then filters for other 
bandwidths can be produced just by 
scaling. So, unless you want to design a 
new filter on another frequency using a 
different type of ceramic resonator, there’s 
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|e Cc be 
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Figure 1: Circuit Arrangement for USB Form of Dishal Band-Pass Ladder Filter 
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no need to bother about how to work out 
the effective values. However, if you want 
to do your own designs and delve further 
into the subject, you'll find a simplified 
design technique described in QEX.' 

Scaling to change the bandwidth of an 
existing design is just a matter of 
multiplying and dividing. It’s no worse 
than that! The bandwidth is not actually 
directly proportional to the coupling 
capacitor values, but it’s close enough for 
our purposes. If the bandwidth of a 
prototype filter is 75% of what you want, 
for example, you simply multiply the 
coupling capacitor values by 100/75, or 
1.33, and divide the termination 
resistance by 1.33 to get the values for 
your desired bandwidth. The increase in 
bandwidth won’t be exactly linearly 
related to the changes in component 
values, but for small differences it'll be 
close enough. Even halving the coupling 
values to get half the bandwidth wiil get 
you close enough that you should only 
need one more small change to get you 
there. 

Ladder Filter Characteristics 

The widest bandwidth that can be 
achieved with ladder filters is usually 
limited by the PZ spacing, if the exact 
centre frequency doesn’t matter. So, 
acceptable AM ladder filters using 
individual ceramic resonators are not 
possible at 250 kHz because the PZ 
spacing is only just over 7 kHz and even 
simple SSB filters are quite asymmetrical. 
This is always the problem with crystal or 
ceramic ladder filters; the more you widen 
out the bandwidth relative to the PZ 
spacing, the more asymmetrical the 
response and the lower the ultimate 
attenuation becomes. Increasing the 
bandwidth much beyond about 0.4 of 
the PZ spacing becomes a losing battle. 


You can reduce the response asymmetry 
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and increase the ultimate attenuation by 
increasing the order of the filter, but 
there’s nothing much, apart from 
changing the configuration, that can be 
done about increasing the bandwidth 
much beyond a certain limit. It’s a natural 
characteristic of Dishal ladder filters that 
the symmetry improves markedly as the 
bandwidth is reduced and it worsens 
noticeably as the bandwidth is increased. 
How much it worsens and where it 
becomes really noticeable depends on 
the number of resonators used. 

So, you can improve the selectivity of a 
filter by increasing the order. This just 
means increasing the number of 
resonators used. The order of the 6-pole 
Dishal USB configuration shown in figure 
1 can be increased by adding extra stages 
in the middle of the filter. Each extra 
stage should consist of a shunt resonator 
with its associated parallel tuning 
capacitor and an additional top coupling 
capacitor. The circuit remains 
symmetrical for the types of response 
already mentioned. For a 0.5 dB ripple — 
Chebyshev design, all the coupling. 
capacitors in the middle of the filter are 
quite close in value and it’s only the end 
two that are larger than the others by 
about 20%. That’s why I tend to design 
for this response; it’s very convenient 
and fits in well with the available capacitor 
values. You can use the same standard 
capacitor value for any additional stages 
and for a 7-pole design the additional 
capacitor (now C,,.) should have the same 
value as the central coupling capacitor 
(C,,) in the 6-pole design. Adding an 
extra stage in the middle causes all 
component designations to the right to 
move up one. For filters of 8 resonators 
or more, you can use the same standard 
capacitor value for all the extra coupling 


capacitors and, if you can select them, 
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grade the capacitor values so that the 
lowest value is put in the central position 
for even-order filters and then gradually 
increase the value using the production 
tolerance spread outwards from the 
middle position. I’ve indicated this on 
my designs by using (+) and (-) to show 
that the values of the capacitors selected 
for certain positions should be in the 
upper (say 2% high) or the lower half 
(say 2% low) of the tolerance distribution. 
I use 5% tolerance NPO or COG 
ceramic capacitors for coupling as this 
gives me the flexibility I need to grade 
and select them. 

There’s also the important matter of 
adjusting the parallel tuning capacitors 
(C, through C, in figure 1) to keep all the 
resonators tuned to the same centre 
frequency. In a Dishal ladder filter, all 
resonators and their associated coupling 
capacitors must be tuned to the same 
frequency. Interaction between 
resonators causes extra capacitance equal 
to the coupling values to appear across 
them. This means that the sum of the 
parallel tuning capacitor and both the 
coupling capacitors on either side of each 
resonator must add up to the capacitance 
the resonator needs to put it on the 
required centre frequency. The design 
procedure used to work out the 
termination and coupling values assumes 
all the resonators are identical and have 
the same motional parameters and 
frequency. You can’t do anything about 
the production spread of motional 
parameters, so you just have to accept 
whatever they are. I take the average 
value for all the resonators I’ve selected 
to use in a particular filter and design 
around that. Then, in the final 
adjustment, I take care of the spread of 
individual resonator frequencies by 


selecting parallel tuning capacitors to suit 
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their individual requirements. That 
means assessing the total capacitance 
required to tune each resonator to the 
centre frequency when they’re being 
checked and matched. I’ve found the 
difference can be as much as +20 pF, but 
as long as all the resonators are tuned to 
the same centre frequency the filter pass 
band usually looks pretty good. In fact, 
the pass-band shape is the best indicator 
of whether you've got it right, or not. 
Matching and Selecting Resonators 
To replicate the designs given in this 
article, you just need to rank your 
resonators by their relative activity (Q) 
and check what capacitive load they need 
to set them to the required centre 
frequency. I use two different oscillators 
to check for relative activity and to match 
up their frequencies. I would use just one 
for both jobs, as I do with quartz crystals, 
but I’ve had problems with ceramic 
resonators in the activity checker if the 
load capacitance is too low — the circuit 
prefers to act as an RC oscillator and goes 
off vigorously at other frequencies. So, I 
have to run the activity checking oscillator 
ata high load capacitance and then match 
up the frequencies of individual 
resonators using a CMOS oscillator’, 
which works well with low capacitive 
loads but doesn’t show much variation in 
output with resonators of widely different 
values of Q. The circuit of the activity 
checker is shown in figure 2. It presents 
a high capacitive load to the resonators, 
so they oscillate just above their series- 
resonant frequency. You can connect a 
frequency counter or oscilloscope to the 
output, just to confirm the circuit is 
working, but the important thing is to 
make a note of the DC voltage between 
M and G for each resonator as this is a 
measure of its relative Q. The higher the 


output a resonator gives, the higher its Q. 
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Figure 2: Activity checking oscillator requires a DMM to be 
connected across M&G. Diodes are 1N270 or 1N34A types, 
transistors are 2N3904. 


oscillator is illustrated 
in figure 3.) 
capacitor C.,,,. shown 
in the output from the 
buffer gate is 2 pF in 
my version. This gives 
adequate attenuation 
when feeding my 
frequency counter 
through a few feet of 
RG-58. The parallel 
capacitors 
shown across each 
the 
designs presented in 
figures 4, 6 and 8 are 
based on them all 
being the same and 
having motional 


tuning 


resonator in 


I use a DMM rather than an analogue 
meter nowadays and the voltage doubler 
circuit is probably overkill. The input 
impedance of the DMM is so high that 
the DC voltage produced by the RF is 
nearly equal to its peak-to-peak voltage. 


The frequency matching CMOS 


parameters equal to the average values 
for the set. However, in reality there is a 
production spread and we have to 
determine what each individual resonator 
requires to tune it to the centre frequency 
of the filter so we can, at least, allow for 
their variation in frequency. The easiest 

way to do this is to 


+9 to 12V 


wire in a twin-gang 
100 pF variable 
capacitor to the 
CMOS oscillator in 
figure 3, so that the 
capacitive load can be 
varied from around 40 
up to about 90 pF. A 
single 50 pF variable 


IC1 is an unbuffered 
hex inverter type 


2Cpy 2Cp, MC14049UB, 
CD4049UB or 
HEF14049UB 


Figure 3: CMOS Oscillator for Setting Ceramic Resonators 
on Frequency 
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straight across the 
resonator could be 
tried, but this would 
require it to be floating 
above ground and may 
give hand capacity 
problems unless 
elaborate precautions 
are taken. In any case, 
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it’s essential to calibrate the capacitor 
load network before it’s connected to the 
IC, otherwise you'll get some very 
interesting results! Once you've got the 
oscillator working well and calibrated, 
you'll find that you can easily check what 
the total capacitance needs to be to bring 
each resonator to exactly the right centre 
frequency. The total tuning capacitance, 
C,, seen by the resonator in the CMOS 
oscillator is approximately 6 pF more 
than C,, when capacitors of 2C,, are used 
on either side of the resonator under test. 
So, C, = C,, + 6 pF. The fixed capacitors 
across each gang of the 100 pF variable 
should be 62 pF to achieve a lower limit 
for C, of about 40 pF, though this will 
depend on the minimum capacitance of 
the variable, of course. The upper limit 
will be around 87 pF (if the maximum 
value of 2C,, = 162 pF), though this will 
depend on the exact value of the variable 
when it’s fully meshed. 

You need to get some small white sticky 
dots for marking the resonators with a 
letter or number to identify them before 
starting any measurements. It’s also 
worthwhile table 
beforehand as well, rather than using a 


drawing up a 


scrap of paper to make notes as you go. 
Columns should be included for the 
number of the resonator, its frequency in 
the activity checker, its DC activity 
reading, the value of C, required in the 
frequency matching oscillator, and it’s 
always useful to add at least one or two 
extra columns for comments such as 
possible suitable positions in the filter, 
ta for that position, etc. When all the 
resonators have been assessed, those 
selected for a particular design can have 
their C, values calculated according to 
which position they’ve been assigned in 
the filter. Remember, the coupling 


capacitor values used on either side have 
Electric Radio #287 


to be subtracted from C, for each 
resonator to obtain its C,,, which is its in- 
circuit tuning value designated C, 
through C, in an Nth-order filter — see 
figure 1 for a six-pole example where 
N=6. 
Filters on 455 kHz 

The PZ spacing makes it difficult to 
produce wide AM filters with 455 kHz 
ceramic resonators using either of the 
Dishal ladder configurations. Narrow 
AM and SSB filters can be produced 
quite easily, but since there have been a 
wide range of Murata, Toko and NTK 
manufactured AM and SSB ceramic filters 
available on this frequency there really 
hasn’t been any need to make any 
homebrew ones for these modes. On the 
other hand, ceramic filters with CW 
bandwidths haven’t been available 
their 
counterparts are quite expensive, so there 


commercially and crystal 
has been some incentive to make these. 

Figure 4 shows the component values 
for a600-Hz bandwidth, 455-kHz Cohn 
CW filter using four Murata CSB455E 
resonators. This has a purely resistive 
input and output impedance of 2k ohms 
to match other commercial ceramic filters 
used in the same equipment. The natural 
termination resistance for this filter is 
58k ohms, but some of the 54.7 pF 
tuning capacitance of the input and 
output resonators has been extracted to 
doa parallel-series conversion to 2k ohms 
in series with 33 pF. The conversion of 
the natural input and output impedance 
of a filter to another, more convenient 
impedance will be discussed in a future 
article. 

The resonators used for such narrow 
filters have to be selected from the upper 
end of the Q distribution to minimise 
the insertion loss. If you want to find out 


a rough figure for the Q of your 
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Figure 4: A 4-Pole Cohn CW Ladder Filter with a Bandwidth of 600Hz on 454.3 


kHz 


resonators, there is a simple way of getting 
one using the activity checker. You select 
a pair of resonators that have similar 
output levels and frequencies from the 
bunch you’ve got. Use them in parallel in 
the oscillator and they should give a higher 
output than either resonator alone. Now, 
by adding a resistor (3.3 to 12 ohms) in 
series with the pair of parallel resonators, 
you should be able to bring the output 
level back down to the average reading 
obtained with one of them. It’s easiest to 
do this with a potentiometer if you've got 
one with a small enough value. Setting 
up the output level can be done quite 
accurately ifa DMM is used. 

Murata’s own figures suggest that the 
motional capacitance “C,,” for CSB455E 
resonators is around 14.5 pF, but I’ve 
found them to be nearer 19 pF. So, if we 
take the reactance of that at 455 kHz 
(18,410 ohms) and divide it by the ESR 
(twice the extra resistance used to bring 
the activity level for two parallel identical 
resonators down to that of either one) we 
should have a rough Q value for these 
resonators. I’ve found that this method 
gives me Q values within +10% of the 
value measured by more accurate means. 

Once the four best resonators have 
been selected, a rough prototype of the 
CW filter can be constructed on a piece 
of PCB material with trimmer capacitors 
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across each of the 4 resonators — with a 
small number of resonators like this it’s 
more convenient to use trimmers and 
also gives you the flexibility to shift the 
centre frequency easily. If you don’t have 
a signal generator or any means of 
measuring the filter output, the simplest 
way to adjust the filter is to mount it ina 
receiver and use the crystal calibrator asa 
signal source and the “S” meter as an 
output detector. Termination matching 
can be accommodated temporarily by 
adding resistance in series or parallel with 
the existing terminations to get the value 
right for the best overall response in the | 
filter pass band. Permanent solutions can 
be devised later when the difference 
between what the filter needs (2k ohms) 
and what the receiver presents to it ts 
known. If the impedance the filter is 
looking into is too high and the difference 
too great, you may need to go back to the 
natural termination resistance of the filter, 
which is 58k ohms, and work from there. 
You'll need to remove the 33 pF series 
capacitors and increase the value of the 
trimmers across the end resonators, if 
you ve used a small value there. 
Alignment is fairly simple. Just set the 
receiver to give a beat note of the right 
sort of frequency and then peak all the 
trimmer capacitors to give maximum 
output on the “S” meter. Then tune 
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Figure 5: Response of 4-Pole 600 Hz Cohn CW Filter Using ZTB455E Resonators 


through the filter to check that there are 
no odd peaks off to one side or the other. 
If there are, you’ve got a resonator that 
isn’t tuned to the centre frequency and 
you may need to peak the filter on the 
other side of the BFO frequency for the 
same beat note, change the beat 
frequency, or change the value of one of 
the trimmer capacitors. I’ve used very 
simple test equipment for making filters 
for many years and had few failures. Very 
acceptable results can be achieved with a 
bit of knowledge and next to no test 
equipment. However, if you've gota well- 
equipped test bench, that can help quite 
a lot! 

I used four resonators with Q values in 
excess of 2800 for my original 455 kHz 
CW filter and got an insertion loss of 
around 6 dB. Some years later, a friend of 
mine boughta large quantity of ZTB455E 
resonators at a hamfest and gave me a 
couple of dozen to check out. There was 
no indication as to who made them. I 
selected the best four from the bunch (Q 
about 2200) and made a 600 Hz CW 
filter with them. The insertion loss came 
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out at about 8.5 dB. Despite having 
slightly more loss than my original 
ceramic CW filter using Murata 
CSB455E resonators, the new one worked 
fine. The response of this little filter 
made with the slightly inferior ZTB455E 
resonators is presented in figure 5. You'll 
note that I centred my filter 700 Hz low 
of 455 kHz, but it’s quite easy move it 
around within reason. 
500 kHz IF Filters 

Although several different types of 
ceramic resonators are available on 500 
kHz, P've found the Murata CSB500E to 
be the best. The ones I’ve checked have 
Q values from 1247 to 2912, with a peak 
in the distribution around 2261. Even 
other Murata resonators, such as the 
CSB500J, aren’t quite as good. The 
Murata CSB500E resonators I’ve 
measured can be divided into 2 groups 
according to their PZ spacing. One group 
had a separation of 14 + 0.2 kHz between 
the series and parallel resonances and the 
other group had 16 + 0.2 kHz. I used the 
group with the larger PZ spacing for my 
filters. Bandwidths of just over 5 kHz are 
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Figure 6: Circuit of 10-Pole 5 kHz AM Filter Using CSB500E Ceramic Resonators 


possible without too much asymmetry if 
8 to 12 resonators are used. Wider filters 
require larger coupling capacitors, 
however, so if you take the bandwidth 
too far you won’t be able to centre the 
filter on 500 kHz. The capacitive load 
required to tune my bunch of thirty 
resonators to 500 kHz varied from about 
41 to 78 pF. 

The circuit of an AM ceramic ladder 
filter centred on 500 kHz is shown in 
figure 6. Note that only one half of the 
filter diagram is given as the other half is 
a mirror image about AA. From the circuit 
you'll see this is a 10-pole design with 
very little additional parallel capacitance 
across the resonators. The target ripple 
was 0.5 dB, but as component tolerances 
usually degrade this you can expect a bit 
more in practice. The bandwidth of this 
design is approaching the limit of what 
can be achieved with these resonators 
when it is essential to keep the centre 
frequency on 500 kHz. I used the average 
values of the motional parameters for 
this design, but was forced to use a value 
of C, (72 pF) that was towards the high 
end of the range in order to get the widest 
possible bandwidth that I could while 
keeping it centred on 500 kHz. The 
selection of resonators in this case needs 
to be done with a great deal of care. I 
found two that required 72 pF and 78 pF 
to tune them to frequency and the rest 
were below 70 pF. Since C,, + C,, = 39 + 
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33 = 72 pF for a 5 kHz filter, I had the 
two that were required for the second 
and penultimate positions in the filter, 
where the loading from just the coupling 
capacitors alone is greatest. However, if 
I'd only had one of these P'd have been 
stumped and forced to reduce the 
bandwidth until Gi Ce was equal to, 
or less than, C, for the next best resonator 
in my batch. For the innermost stages I 
selected six resonators that required 
between 64 and 67 pF to get them on 
frequency. The ones that required only 
64 pF were a bit low as C, should have 
been 65.6 pF for X5 and X6. However, 
this only amounts to a tuning error of 70 
Hz in a bandwidth of 5100 Hz, which | 
isn’t significant enough to worry about. 
None of the inner resonators required 
any fine tuning capacitors at all and only 
C,= 15 pF, C, = 5.6 pF and C,, = 12 pB 
were required for the other stages. 

The response of this filter is shown in 
figure 7 and it can be seen that the 6 dB 
bandwidth is about 5.1 kHz. The 6/60 
dB shape factor is quite good at around 
1.56, which is fairly typical for a 10-pole 
design with 0.5 dB ripple. The insertion 
loss is about 3 dB and tolerances have 
degraded the pass-band ripple to a bit 
over 1 dB. You'll see the rate at which the 
filter rolls off on the low side is greater 
than that on the high side because each 
resonator puts in a low-side notch at its 
series-resonant frequency. The coupling 
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Figure 7: Response of 10-Pole 5 kHz AM Filter Using CSB500E Resonators 


capacitor values could be increased to go 
for a 6 kHz bandwidth if a centre 
frequency below 500 kHz is acceptable. 
However, as you push the bandwidth up 
and move the centre frequency lower you 
also increase the asymmetry. A bandwidth 
of 5.1 kHz may seem a bit narrow for 
AM, if you’re a purist, but when your 
only other 500 kHz filter is 3.1 kHz wide 
it’s a big improvement! 

Obviously, narrower bandwidths can 
be accommodated by reducing the 
coupling capacitors and increasing the 
termination resistance. A good starting 
point for an 8-pole, 2.5 kHz Chebyshev 
design with 0.5 dB ripple on 500 kHz 
would be C,, = C_, = 18 pF and C,, = C,, 
=C,.=C, = C, = 15 pF with R, = 22k 
ohms. Again, try and select the 15 pF 
capacitors so C,, and C,, are about 2% 
over 15 pF and C., is about 2% under, if 
possible, so they conform better to the 
slight differences required in the coupling 
factors for the middle stages of a 0.5 dB 
ripple design. 

1000 kHz Filters 

The Q values of the best ceramic 

resonators vary somewhat depending on 
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their type and frequency, but there is a 
general tendency for the Q to fall off as 
the frequency increases in the 250 to 
1000 kHz range. Even so, the 1000 kHz 
resonators have adequate Q values for 
making good AM filters and their PZ 
spacing is more than sufficient to achieve 
bandwidths of over 6 kHz. The only type 
of Murata ceramic resonator I’ve been 
able to obtain on this frequency is the 
CSB1000J. The ones I’ve measured have 
Q values from 1500 to 2100. Generally, 
you want the resonator Q to beat least 10 
times F,/BW, to keep the effects of loss 
to a reasonable level, particularly with 
high order filters. However, you can often 
get away with lower ratios in simple 
filters if pass-band rounding doesn’t 
matter too much, as is often the case for 
CW applications. For AM filters, though, 
it’s best to try and keep the ratio above 10 
so the response edges don’t round off too 
much within the 6 dB bandwidth. 
Fortunately, F,/BW, for a 0.5 dB 
Chebyshev filter with a 6 dB bandwidth 
of 6.5 kHz at a centre frequency of 1 
MHz is only about 157 and the majority 
of CSB1000J resonators seem to be at 
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Figure 8: Circuit of 8-Pole 6 kHz Bandwidth Filter Using CSB1000J Resonators 


least 10 times greater than this. 

The selection of resonators for AM 
bandwidths at 1000 kHz is considerably 
easier than it is at 455 and 500 kHz, 
where you've got to keep an eye on 
whether the sum of the coupling 
capacitors is going to exceed C, for the 
centre frequency you want. The circuit 
shown in figure 8 is for an 8-pole AM 
design centred on 1000 kHz. This has a 
6 dB bandwidth of around 6.5 kHz and 
an insertion loss of 4 dB. Its response is 
shown in figure 9. The 6/60 dB shape 
factor is fairly typical for an 8-pole, 0.5 
dB ripple design at just over 1.8. This is 
quite a good AM filter on an unusual IF 
and is worth the effort required to make 


There aren’t many old receivers with 
an intermediate frequency of 1 MHz, but 
there are one or two old American and 
British receivers with this IF, so someone 
might find this design useful for 
improving a vintage set. Even if you 
don’t own one, you might find this little 
AM filter useful for a homebrew, dual- 
band receiver of your own design. With 
a local oscillator running from 2.5 to 3.0 
MHz, you can cover either the 80-meter 
or 160-meter bands just by re-tuning the 
front end. It’s also worth bearing in mind 
that crystals for 1 MHzare quite common, 
so you could easily add a crystal gate with 
notch filter for CW if you like to operate 
both modes. 


Concluding Remarks 
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Figure 9: Response of 8-Pole AM Filter Using Murata CSB1000J Resonators 
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Homebrew ladder filters made with 
ceramic resonators can be used to 
supplement the range of ceramic filters 
available commercially. Because of the 
limited PZ spacing of 455 and 500 kHz 
ceramic resonators, and the conflicting 
requirements of coupling and centre 
frequency tuning, homebrew ceramic 
filters can’t compete with the commercial 
mechanical and ceramic ones as far as the 
wider AM bandwidths are concerned. 
They can, however, provide very good 
results at these frequencies if you need 
bandwidths of 5 kHz or less. Ceramic 
resonators have been used as low-cost 
substitutes for quartz crystals in many IC 
clocking applications over the years, and 
as a consequence they were available on 
quite a wide variety of frequencies. These 
offer the possibility of making AM filters 
on many different non-standard 
frequencies when you can pick up suitable 
resonators. 

Don’t let the fact that these filters are 
made with PLZT ceramic resonators put 
you off using them. Ceramic filters have 
been roundly condemned in the past by 
“experts” who claim that they suffer from 
spurious response problems. I would 
remind them that all mechanical 
resonators, whether they be made from 
quartz, PLZT ceramic or constant- 
modulus nickel-iron alloys, suffer from 
spurious response problems. They can be 
and are managed in most designs, and we 
don’t notice them. It’s always wise to use 
a few tuned circuits in an IF amplifier 
design, in addition to the filter, just to 
make sure that when they do occur the 
spurious responses are well down on the 
wanted signals. I always do this, even 
when I’m using crystal filters. It seems 
the common sense thing to do. We don’t 
have to follow the commercial boys and 


save pennies when making our one-off 
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homemade sets. We can do whatever we 
feel needs to be done, even if it is 
considered by some to be over- 
engineering! 

Of course, if you’re adding a filter to a 
vintage set to improve the skirt selectivity, 
then you already have the other tuned 
circuits you need to see off any spurious 
responses. In any event, it’s not much of 
a problem because at 455 kHz the worst 
unwanted responses in ceramic resonators 
are up around 700 kHz. That’s quite a 
long way off in proportional terms and 
their levels relative to the main response 
are really no worse than those of some 
mechanical filters, which we routinely fit 
in our best receivers. 

[hope this article and the various Dishal 
USB ladder filter designs described here 
have given you an idea of what can be 
achieved with LF ceramic resonators. 
They have their limitations, of course, 
like most things, but providing you work 
around them they can produce quite 
decent IF filters for various bandwidths 
over a very useful range of frequencies. 
These resonators are still available new 
on certain frequencies, but often with 
different part numbers because they're 
now tinned with lead-free solder. It’s 
worth looking at Mouser, Digikey and 
Newark to see what ceramic resonators 
they still carry. There are also quite a 
number of the older types still available 
on the surplus market, so try dealers like 
Dan’s Small Parts from time to time to 
see what they've got. 

References 

1. Dave Gordon-Smith, G3UUR, Ceramic 
Resonator Ladder Filters, QEX, March/April 
2007, pp 55-58. 

2. See any recent ARRL handbook for a 
description of CMOS components and safe 
handling procedures. 
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A Rescue Downunder 


By Greg Lamey, VK5LG 
Hollands Creek Road 
Cudlee Creek, SA 5232 
Australia 
greglamey@skymesh.com.au 


The Rescue of a True Boat-Anchor 
Transmitter Made by Amalgamated 
Wireless Australasia (AWA) 


Amalgamated Wireless Australasia 
Limited (AWA), 47 York St., Sydney, 
was Australia’s largest and most 
prominent electronics organization 
undertaking development, manufacture, 
and distribution of radio, 
telecommunications, television and audio 
equipment throughout most of the 20th 
century. A subsidiary, Australian Wireless 
Valve (AWV) was a prolific producer of 
valves for the Australian market. 

During the post war era of the late 
1940’s, South Australia, like many of the 


British Empire “colonies,” was busy 


Te 


"h AW.A, RADIO ~- ELECTRIC WORKS 
an ASHFIELD, SYDNEY 


rea, 13 acres; Floor Space, 467,000 aq, ft. 


The AWA Factory, About 1948 


playing catch-up on infrastructure 
postponed during the war effort. In this 
period the Australian Department of Civil 
Aviation (DCA) was responsible for the 
installation and maintenance of ground 
radio communication and navigation 
equipment. Around 1950, a new airport 
was built at Leigh Creek, the site of an 
emerging brown coal mine in the barren 
and dry “outback” of South Australia. A 
team of DCA technicians installed an 
aero-radio installation in the new airport. 
Previous to that time, airplanes en route 


to the north had landed at Mt. Eba for 


AWA transmitters are on the production line, about 1948. 
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DCA staff Lloyd Butler and Fred Sparks 
(VK5BR) are traveling on the then- 
unsealed road to Leigh Creek. 


refueling. 

It is understood that only a few years 
passed before these new AWA 
transmitters were moved many hundreds 
of miles south to a suburban home at the 


A DC-3 of the Airlines of South 
Australia, shown at Adelaide Airport. 


newly commissioned capital city airport 
at West Beach, an Adelaide suburb. By 
that time (1955) the endurance of aircraft 
had improved as DC3s were replaced by 
jet-age aircraft, and Leigh Creek was no 
longer a busy refueling stop. Previous to 
the new West Beach airport, Adelaide 


was served by an 


bak 
a es 


{ > 


AWA transmitters are shown at Leigh 
Creek about 1950, similar to the one 
rescued. 
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airfield at Parafield, 
some considerably 
greater distance to the 
north of Adelaide. 
Recently I was able 
to rescue one of this 


type of AWA AM 


transmitter in rather 


some rather unhappy 
circumstances. The 
Aviation Historical 
Society, an Adelaide based group of 
volunteers with an interest in civil 
aviation, found themselves in the 
unfortunate position of having to close 
their museum. The local government 
body had required the museum to make 
expensive upgrades for disabled toilets, 
wheel chair access, and all manner of 
other unaffordable modification to their 
old premises, to bring it into line with 
“acceptable” public building safety 
standards. Unfortunately, this was an 
insurmountable impost on the small band 
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Parafield served as Adelaide’s “airport” prior to 1955. 


of dedicated volunteers, causing yet 
another museum to bite the dust. It is for 
good reason South Australia is known in 
some circles as the “nanny state.” After 
an urgent phone call from a fellow 
amateur, I hurried down to findan AWA 
“T9” roughly loaded on a pallet and 
leaning most awkwardly against a scrap 
metal truck. Someone had already 
managed to drive a forklift into the “sub- 
modulator” chassis, which hung 
precariously from only the wiring loom 
like a pendulum. After much heaving 
and puffing this neglected machine found 
its way onto my trailer. The transmitter’s 
condition was pretty ordinary to say the 
lest, and I seriously wondered what the 
hell I was doing. The transmitter had 
been relieved of all valves, crystals and 
even the modulation transformer, by 
scavenging “vandals” not willing to take 
on the transmitter as a complete project. 

In AWA’s own words “The AWA 
communications installation J54800 is a 
medium power transmitting equipment 
suitable for telegraphy or telephony 
service (Al, A2, or A3 emission) on high 
frequencies, and is provided with facilities 


for remote control.” These transmitters 
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were often operated in 
very remote locations, 
fed by phone line from 
the air traffic control 
office. The frequency 
range is 2 to 20 Mc 


frequencies in that 
range “having a 
frequency separation 
of not more than 
0.5%.” The 
transmitter is heavily 
populated with 807s, 
except for the pair of 


810 modulators driving another pair of 


The AWA transmitter, the subject of 
this story, as rescued from the scrap 


metal truck. 
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and provision is made — 
for just two crystal 


The quality of Amalgamated Wireless 
Australia’s design and workmanship is 


from a different era. 


810s for 500 watts out. The aerial circuit 
of the RF unit will couple into unbalanced 
lines of from 70 to 80 ohms, and 100 to 
1,000 ohms. Apparently it’s just bad luck 
if your system is 90 ohms! The “Sub- 
Modulator” chassis incorporates a 
balanced audio system with compression, 
positive and negative clipping, followed 
by a 3-kilocycle filter. From there, the 
push-pull 807s drive the 810 modulators. 
An unusual feature is an “Electronic 
Keyer” that, when provided with an input 
signal of keyed audio tone, provides an 
output of keyed DC in accordance with 
the keyed input signal. The “Monitor 
Unit” provided many services, including 
a neutralization meter, percent-of- 
modulation indicator, as well as CW and 
audio monitoring. Unfortunately, the 
DCA had, at some time, considered both 
these units unnecessary and had removed 
them and any traces of associated wiring. 


The outstanding construction quality and 
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up-to-date design for the period, were 
hallmarks of Amalgamated Wireless 
Australia. Typical of a transmitter 
intended to run 24-hours-a-day, there 
are all sorts of protection circuits and 
relays that make this thing sound like a 
1960’s pin ball machine on start-up. My 
belief is that these transmitters would 
have given very reliable service as 
intended, for essential 24 hour “ground- 
to-aircraft” communication. 

I have spent the last year returning this 
AWA J54800 to good working order, 
but not without some miss-adventure. As 
it was valve-less on receipt, I sensibly 
populated all the 807 sockets with, well 
you guessed it, - 807s. Upon eventual 
switch-on, I was greeted with a very red- 
faced 807, having inadvertently placed a 
valve in a socket of a “linked-out” stage. 
The link connected the grid to the valve’s 
own plate. The ever-reliable 807 did it’s 
best endeavors to pass as much current as 
possible with full HT on the grid, much 


more forgiving of this maltreatment than 


‘solid-state devices. The most serious 


misadventure, though, was having the 
2000-volt HT voltage go missing from 
the main transformer during testing. After 
many anxious days of melting out black 
pitch, I was lucky to find one of the flying 
leads was faulty-rather than the 
transformer itself. This was a major relief, 
as 2000-volt, 1-amp transformers are not 
in great numbers at swap meets. There 
were countless other hurdles involving 
missing parts and especially the 
notoriously defective rubber coated 
wiring, along with an annoying practice 
of some DCA technicians of attacking 
the wiring loom with side-cutters, the 
mysterious reasons for which remain 
Eventually the 
transmitter was bought back to life with 


the generous help of KOGLH, Gary 
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undocumented. 


Halverson. This transmitter is 
occasionally operated on the VK-AM net, 
7.125 Mc, at the reduced, but legal, 
power of 120 watts in VK land. 

Being a glutton for punishment, I have 
now embarked on my next challenge, the 
much more ambitious project of restoring 
a RAAF war-service transmitter from 
1945, manufactured in Sydney by STC 
(Standard Telephone & Cables) and 
civen the type number AT-20. This 500- 
watt AM transmitter type was also 
procured by the American Signal Corps 
under the lend-lease mutual-aid program 


STC AT-20, Similar to the AMT-125 
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and given the type number AMT 
(American Military Transmitter) 125. It 
is believed that these transmitters were 
well regarded by the American military 
forces. Restoration of my unit depends 
ona lot of rust removal, finding sufficient 
813 valves (that’s what we Australians 
call tubes), and finding many other 
missing pieces. A five year program surely, 
still it will keep me off the streets. 
About the Author 

Greg Lamey (VK5LG) is only a recently 
(2012) licensed amateur but is keenly 
interested in preserving old AM 
transmitters and other historical aspects 
of radio. Greg was a founding member of 
the South Australian branch of the 
Historical Radio Society of Australia in 
1987, and while restoring many broadcast 
receivers, harbored a now-realized desire 
to get into amateur radio. 

His balanced-line fed, fencing-wire 
loop antenna is 166 meters long for 
resonance on the 160 meter band 
(1.843M). At great personal risk to life 
and limb, the loop is 100 feet above 
ground level. 

Greg is 58-years-old and lives in the 
hilly region of Cudlee Creek near 
Adelaide, the capital city of South 
Australia. By occupation, he is fire fighter 
with the Metro Fire Service. 
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PHOTOS 


“Thank you” to everyone who has recently sent in photos, and they will be running 
as soon as possible. Weegee, the ER traveling photographer says, “This column is 
popular, but it can’t run without photos. Help keep my Speed Graphic active! We 
are always looking for good photos, especially attractive photos for Electric Radio 
covers. Taking photos has never been easier than now, but getting them has never 
been harder!” 


Ron Watkins’ (K@ETD) current station was on the cover of last month’s issue, ER 
#286. Ron also sent this photo of his station as it looked during February 1962. 
Ron was using a DX-110 transmitter at that time, and receiving duties were 
performed by a Hallicrafters S-76, famous for its king-size S-meter. There is also 
a Johnson Matchbox feeding the antenna system, and on the right side of the 
Matchbox is a Heathkit AM-2 SWR bridge, which was Heath’s first SWR meter 
produced from 1957 to 1962. The AM-2 became the upgraded HM-11 bridge in 
1962. 
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Carl Wolfe (W2IQK) is an active AMer in Slate Hill, New York, that almost 
everyone in the East or Midwest has worked at one time or another. Carl’s station 
is almost completely homebrew, with the exception of the Drake 2B and Hallicrafters 


S-52 receivers on his desk. There are also a few manufactured accessory items in 
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the shack, as most of | 
us have in our 
stations. It looks like 
the 2nd op is 
occupying the chair 
when this photo was 
made! 


The photo to the left 
shows two racks of 
homebrew 
equipment that is 
just barely visible in 
the main photo 
above. 


April 2013 


The two interesting photos above should have been included in Hiroki Kato’s 
(AHGCY) article in last month’s issue, Two Clandestine Radios of WWII— Update, 
but due to page space limitations would not fit. The top photo is a cold-war relic 
in London’s Imperial War Museum, a genuine spy transceiver hidden in a ball 
point pen. The second photo is Tim Sammons’ (N6CC) replica of a WWII canteen 
radio, which is now on display at the Danville Veterans Memorial Hall in Danville, 
California. 
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The Hammarlund HQ-215 


By George Misic, KE8RN 
1936 Duncan Avenue 
Allison Park, PA 15101 


ke8rn@comcast.net 


General Description 
The Hammarlund HQ-215 was 
basically the last gasp of Hammarlund as 
a ham manufacturer trying to hang on to 
some market share as the equipment 
high 


performance rigs, designed primarily for 


marched to sophisticated, 
SSB operation with a companion 
transmitter or as a transceiver. It was also 


Hammarlund’s first venture into solid- 


: mi 


vast acc —SLow acc “eae 
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state design. 

Hammarlund’s primary competition 
in the late 1960s, when the HQ-215 hit 
the market in early 1968, was the Collins 
75S-3, Drake R-4B, Heathkit SB-301, 
and the first wave of quality imports like 
the early Sommerkamp line that was sold 
from Germany but made by Yaesu in 
Japan and the Kenwood R-599 and T- 
599 receiver-transmitter pair. The 
Hammarlund HQ-215 borrowed heavily 
from the Collins S-Line receivers in that 
it used Collins mechanical filters for 
selectivity, used the same frequency 
mixing scheme and had crystals for each 
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The rare and collectible Hammarlund HQ-215 was introduced in the April 1968 € 
here with the companion S-215 speaker. The HQ-215 was ham-band-only with 13 « 
cycle dial resolution that was accurate within 100 cycles. It included a deep, stable, 


variant produced from 1969 to sometime in 1970 in very limited numbers. A gene 
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200-kHz band, and covered ham bands 
in 200-kHz bites per each bandswitch 
position. The injection crystals that 
establish the band being covered for the 
Collins S-Line radios will work and give 
the same coverage in the HQ-215. 

The HQ-215 is actually a very nice 
receiver and might have been much more 
successful if Hammarlund was in better 
condition as a company and brought out 
other equipment to make a full station 
with a 
Hammarlund was very successful years 


matching transmitter. 
earlier when most hams boughta receiver 
from Hammarlund, Hallicrafters, 
National, or RME and put it with a 
transmitter from Johnson, Globe, WRL, 
or another transmitter manufacturer. 


Overall Equipment Look 

I am sure it is no coincidence that the 
Hammarlund HQ-215 look is a great 
deal like the Collins S-Line receivers. 
Collins was the rig to copy; many had 
great success borrowing the Collins 
overall shape and design. Heathkit, Yaesu, 
and KW Electronics of England did it to 
a great degree; Kenwood and Drake 
copied the basic concepts, but not the 
shape of the S-Line components. 
Hammarlund had earlier tried to find a 
new “look” for their equipment; the HQ- 
100, HQ-110, HQ-145, HQ-170, HQ- 
180, HX-50 and HXL-1 all have a 
Hammarlund “family” look; the HX- 
500 transmitter may have been the first 
piece of a new look, but it was never 


nd reviewed October 1968 in CQ magazine and December 1968 in QST. It’s shown 
nal crystal positions, highly stable (less than 100 cycles-per-hour drift), and had 100- 
stch filter that was a Q-multiplier followed by a phase inverter. There was a Mark II 


verage version, the HQ-225, was promised but never produced. 
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Coming to your dealer soon 


The Hammarlund HQ-215 


The solid state receiver for those who want to be one-up. 


The Hammarlund HQ-215 brings to 
amateur radio a fully transistorized 
receiver offering a new high in 
sensitivity, selectivity and drift-free 
operation. Revolutionary unitized 
1-beam construction coupled with 
modularized design provides an 
unusually high degree of electrical 
and mechanical stability. A unique 
carousel dial with 22” pUneaielcy 
calibrations means easy reading 
and resetability to within 100 
cycles. And heat free operation 
gives you long set life at peak 
operating condition. Here are the 
facts: 

FREQUENCY COVERAGE: Com- 
plete ham band coverage, 80-15 
meters; 28.5—28.7 mcs on 10 
meters. Provision for 13 optional 
crystals providing 200 kc segments 
from 3.4 — 30.2 mcs built in. 
TRANSCEIVE OPERATION: 
Provided. 


FREQUENCY READOUT: Visual 
dial accuracy is £100 cycles on all 
bands. 

FREQUENCY STABILITY: Less than 
100 cycles per hour. 


t-beam construction for strength 


' TRANSISTORS: 26 transistors, 13 


diodes and 2 Zener regulator 
diodes. 

SELECTABLE FILTERS: 2.1 kc 
mechanical filter supplied. Plug-in 
space for two optional filters. Any 
filter may be switch-selected from 
front panel. 

MODE: Selectable USB, LSB, CW, 
OR AM. 


SERVICE: SSB, CW, AM, and RTTY. 


SENSITIVITY: Better than 0.5 micro- 
volt for 10db signal-to-noise ratio. 


Modularized for electrical stability 


SELECTIVITY: SSB-2.1 kc mechani- 
cal filter, 2:1 shape factor. 


DIMENSIONS: Size: 6.8” H x 15.8” 
W x 14” D. 


WEIGHT: 21 Ibs. 


CAREER OPPORTUNITY 


Exciting things are happening at 
Hammarlund. We need electronic 


engineers qualified in RF, SSB, and 
FM engineering. Enjoy mountain 
vacation land living. Send resume 
to Director of Personnel. 


CAEN Ty, 


o> 


are 


HEMMARLUND (@) 


Fueblohed 1910 73-88 HAMMARLUND DRIVE, MARS HILL, NORTH CAROLINA 28754 


Hammarlund’s introductory HQ-215 ad appeared in QST, April 1968, 45 years 
ago this month. It sold in the 530 dollar range at dealerships. 
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The under-chassis view above shows the band switch at the 

bottom. The enclosed box is the notch filter circuitry. The 

large main board holds most of the IF circuits. The board 

at as top pe holds the crystal-controlled BFO circuits. 
% = 


This is a close-up view of the stock 2.1 
kHz Collins mechanical filter. Sockets 


are provided for two more filters. 
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followed up with 
another unit with the 
same styling. The HQ- 
215 styling was never 
followed up with other 
new-look ham radio 
products. 
Mechanical Filters 
The HQ-215 uses 
Collins 
mechanical filters as in 
the 75S-3B and 75S- 
3C receivers. The 
filters used in the 75S- 
3B and 75S3-C will 
plug directly into a 
Hammarlund HQ- 
215 and are identical 
to the filters sold by 
Hammarlund back 
when the HQ-215 was 
being sold new. The 
Collins AM bandwidth 


mechanical filter is also 


the same 


used in the Courier 
Royale CB transceiver, 
and will plug right into 
either a Collins 75S- 
3B or 75S-3C or a Hammarlund HQ- 
215. I watch flea markets for the Courier 
Royale CB radios as a source for the AM 
mechanical filters. The CW bandwidth 
filters are harder to find—please do not 
remove a CW filter from a Collins 75S- 
3 or 75S-3A receiver as the filters were 
not options in those sets. All 75S-3 and 
75S-3A rigs came with a 200-Hz CW 
filter from the Collins factory. Removing 
a CW filter from a 75S-3B or 75S-3C is 
less of a “sin,” as on those receivers the 
CW filter was an option, like it was in the 
Hammarlund HQ-215. 
Solid-State Silicon-Transistor Design 
The Hammarlund HQ-215 wasa solid- 
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Under the top cover is the 7-inch dial drum that has an equivalent 21-inch dial 


length. For each 200-kHz band, 1/8 inch on the dial is 1 kHz so VFO resolution 
is excellent. The VFO components are underneath the dial drum. The variable at 
the top left is the preselector. Audio components are at the bottom right side. All 
of the RF, Ist mixer, and crystal-controlled HF oscillator are along the left side. 


state receiver; essentially Hammarlund’s 
first solid-state receiver and one of the 
first high quality solid-state receivers ever 
produced for the consumer (non-military) 
market. The HQ-215 is made totally of 
bipolar transistors; they were all silicon 
types when the industry was beginning 
to change from germanium to silicon 
transistor types. Other early solid-state 
ham gear was made with germanium 
transistor devices such as the SBE SB-33 
transceiver and the Davco DR-30 
communications receiver. 
Making a Station with Other 
Equipment 
It should be possible to transceive with 
a Collins 32S transmitter and an HQ- 
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215; this is a good news item because 
Hammarlund never made a companion 
transmitter for the HQ-215. The antenna 
connections and the muting, as well as 
the VOX audio, will simply hook up 
directly, just as if you were using a Collins 
receiver with the 32S-1, 2, 3, or 3A 
transmitter. 

The Hammarlund HQ-215 does not 
have any inputs for frequency control 
from a transmitter or other equipment, it 
only has outputs. The signal outputs for 
the VEO and the first conversion crystal 
oscillator use emitter-follower-driver 
stages. 

The transmitter can not control the 
receive frequency of the HQ-215 like it 
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The rear panel of the HQ-215 holds all of the necessary 


connectors. 
can on an S-Line or a Drake station. If 


the HQ-215 is set up to transceive, the 
HQ-215 outputs must control the 
transmitter. 

The remaining issue is to make the 
output signal levels and impedances from 
the VFO and crystal injection oscillator 
ports compatible. This will allow the 
“Freq Control” switch on the 32S to 
accept VFO and HF oscillator inputs 
from the HQ-215 receiver, while the 
transmitter VFO controls the output 
transmit frequency—as can be done with 
a Collins station. The HQ-215 VFO and 
crystal band oscillators include emitter 
followers to drive a low-impedance cable 
for connection to a companion 
transmitter. 

Collins did not use acommon injection 
source for the receiver BFO and 455 kHz 
carrier oscillator for the transmitter, as it 
was assumed (correctly in most cases) 
that the frequencies of the crystals would 
be close enough to be within the allowable 
margin of error. Since the HQ-215 and 
the Collins S-Line use the same frequency 
mixing scheme to generate their respective 
operating frequencies, the VFOs and 
crystal injection oscillators and the last 
intermediate frequency are the same on 
both radios. The Eldico S-Line clones 
use the same frequency mixing scheme as 
the Collins and the Hammarlund HQ- 
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215, so their radios 
can be 
compatible by 
following the same 


made 


basic steps. 
Accessories 
Offered with the 
HQ-215 
Other 
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than 


mechanical filters of 
different bandwidths and accessory 
crystals for additional frequency coverage, 
the only other option for the HQ-215 
was a matching accessory speaker. 
Hammarlund never offered a companion 
transmitter or other radios to accompany 
the HQ-215 and build a full station like 
those offered by their competitors who 
lasted a good bit longer in the amateur 
radio marketplace. Hammarlund ceased 
to produce ham radio equipment—or any 
other equipment other than air variable 
capacitors—not too long after the HQ- 
215’s introduction. 
Summary 
The. HQ-215 .came) toa, late. in 
Hammarlund’s many years as a ham radio 
manufacturer to save the company. It 
was a good performing receiver of 
modern, advanced design for 1968, but 
without a companion transmitter as 
offered by Collins, Drake, Heathkit, 
Hallicrafters, KW Electronics (England) 
and the future competitors from Yaesu 
and Kenwood, it was not an attractive 
enough unit to sell well. Collins, Drake, 
and Heathkit went on for another ten 
years before being buried by the Japanese 
competition. If the Hammarlund HQ- 
215 had a companion transmitter and a 
compliment of equipment to round outa 
complete station, it might have been much 
more successful. ER 
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A Closer Look at Class C 


By Bruce Stock, AB7YD 

x37 33% Ave's. 

Seattle, WA 98144 
Ab7yd@comcast.net 
http://ab7yd.home.comcast.net 


Awhile back I ran into a problem with 
a homebrew transmitter I was building. 
The plate modulator and the Class C 
final in that rig just weren’t producing 
the expected results. So I decided to set 
the project aside for a while and read 
what a couple of good books had to say 
about Class C operation (Reference 1 
and Reference 2). In the process of 
reading, and later doing a lot of thinking 
about the subject, I learned quite a few 


things about Class C that hadn’t been 


clear to me before. In this article, Id like 
to focus on certain areas that I thought 
were particularly interesting, and to treat 
them in a way that I hope will leave you 
with a more intuitive feeling for what 
goes on in a Class C amplifier. 

So let’s begin with a quick review of the 
textbook definitions of amplifier classes 
to see where Class C fits in. Here, I will be 
dealing only with the “traditional” (i.e., 
vintage) classes and won’t be covering the 
later classes made possible by solid-state 
devices. Figure 1 summarizes the 
differences between the classes and 
includes plots of the expected plate current 
associated with each class. 

Note that Class A and Class B are very 
tightly specified, whereas Abx and C have 


Ip 


Class A 


Ip 


Class C 


Class ABx 


Each class is defined by its “Conduction Angle”, which 
specifies how many degrees of each 360 degree input 
cycle result in plate current flowing: 


Class A = 360 degrees 
Class Abx = greater than 180 but less than 360 degrees 
Class B = 180 degrees 
Class C = less than 180 (120-150 degrees, typically) 


Ip 


Class B 


Figure 1 


38 Electric Radio #287 


April 2013 


considerable latitude in the definition. 
The ABx class was defined because there 
was a need for something that was 
intermediate between Class A and Class 
B operation. ABx is further divided into 
Klass) AD lunds 
characterized by never having any grid 


two sub-classes: 


current flow at any time, while Class 
AB2 does involve grid current flowing. 
Essentially, amplifier classes evolved 
beyond Class A because of the desire to 
get more power and more efficiency out 
of tubes. 

So what determines whether a given 
tube operates in a particular class? 
Basically, it comes down to how the tube 
is biased and how hard it is driven. If you 
apply appropriate levels of grid bias and 
driving signal amplitude you could 
operate a particular tube in any of the 
four classes specified above. 

The Input Circuit 

To begin our discussion of Class C 
operation, let’s start with the interface 
between the driver stage and the Class C 
tube, because this is where the both the 
bias and the driving signal to the Class C 
stage are established. I’m going to describe 
the “grid-leak” method of developing the 
Class C bias, because that configuration 
is used in so many vintage transmitters, 
owing to its simplicity and economy. 

Figure 2 shows a typical coupling 
circuit between a driver stage and the 
Class C final stage of an RF transmitter. 
It looks like the sort of coupling circuit 
you'd see in any linear audio amplifier 
chain, but it behaves very differently in 
this application because it is driven with 
a sine wave large enough to cause the RF 
final tube to draw significant grid current. 

The first thing to note in figure 2 is 
that the driver output waveform has been 
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shifted downward in voltage so that only 
the peaks of the waveform go above zero 
volts. This happens because the grid 
current being drawn by the final tube 
forces the coupling capacitor to charge 
up. Final tube grid current flows whenever 
the grid is driven more positive than the 
cathode. You may want to study this 
figure a bit to be sure you understand 
what is happening there. 

The next thing to notice is the dotted 
line indicating “—40 v bias”. This is the 
effective grid-leak bias voltage developed 
at the input to the RF final. If you put 
your VIVM probe on the grid of this 
circuit, it will read -40 VDC. So with 
this simple R-C circuit we have coupled 
drive to the final and generated a bias 
voltage that can establish the class of 
operation of the final. 

However, that also reveals the major 
flaw of grid-leak bias: if drive is lost, you 
get no bias, and no bias means big 
destructive plate currents for the final. 
There are many possible solutions to this 
problem, including: 1) ignore it, 2) puta 
protective resistor in the final cathode to 
limit the plate current, 3) install a clamp 
tube to throttle down the final if drive is 
lost, and 4) add some fixed DC “protective 
bias” to the grid circuit. As a designer or 
builder you get to decide just how much 
of a problem it will be to you and select 
the appropriate (i.e. cheapest or easiest) 
solution. 

An interesting question to ask at this 
point is “Why doesn’t the coupling 
capacitor just continue to charge up until 
the drive is blocked and grid current no 
longer flows?” The answer is that as the 
capacitor charges up, the effective negative 
bias across the grid resistor begins to 
build up as well, and that causes an 
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opposing discharge current to flow on 
the negative part of each cycle. The 
capacitor continues to charge up until 
the current discharging the capacitor 
through the resistor on the negative part 
of the cycle balances the grid current 
charging up the capacitor on the positive 
part of the cycle. At that point the average 
grid current is the same as the average 
current discharging through the resistor. 

The equal current drawn through the 
grid resistor is a very useful thing indeed, 
because it means that we can measure the 
erid current of our final just by placing 
the metering at the cold end of that grid 
resistor. So even though we are not 
directly measuring the grid current, we 
can be certain that we are getting a very 
good measurement of the actual current 
at the tube’s grid. 

Another thing to make note of here is 
that when you adjust the final’s grid 
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current during tune-up, you are basically 
adjusting the magnitude of the drive 
voltage to the final, so you will also cause 
the final’s grid bias voltage to change, 
which in turn affects the conduction angle 
of the final. The good news is that Class 
C has a wide range of the conduction 
angle in its specification, so reasonable 
variations in grid drive will still leave you 
comfortably within the Class C range. 

Now let’s consider the old rule-of- 
thumb about setting the Class C grid bias 
to two times the tube’s cutoff bias value. 
Basically, this rule easily gets your stage 
“into the ball park” for a correct 
conduction angle for Class C operation. 
If you think about it, you can see that if 
the grid bias is set right at cutoff it will 
result in Class B operation of the final, 
and that anything greater than that (i.e. 
2X, or 3X cutoff) puts you squarely into 
the Class C region. 
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So what really changes as you vary the 
bias a bit above or below the chosen 
value? As you vary the bias, the 
conduction angle of the final changes, 
and wider conduction angles (less bias) 
yield more power output at the expense 
of efficiency (i.e. there is more plate 
dissipation), while narrower conduction 
angles yield more efficiency (less plate 
dissipation) at the expense of raw power 
output. Theoretically, you can achieve 
almost infinite efficiency by making the 
conduction angle smaller and smaller, 
however in practice there are generally 
physical limitations that prevent 
achieving that ultimate efficiency with 
any reasonable sort of power output. 

The Output Circuit 

Now that we have established what 
happens at the input to a Class C stage, it 
is time to look at what is going on at its 
output. Basically, the job of the complete 
Class C stage is to deliver a lot of RF 
power into a load (i.e., your antenna). 
There have been scores of articles written 
describing how to design tank circuits to 
provide the necessary impedance 
matching and harmonic rejection, so Pm 
not going to repeat that here. What I 
want to convey instead is some sense of 
what is going on “behind the curtains,” 
so to speak, in the plate circuit. 

If you look back at figure 1, you can see 
that the Class C final is putting out some 
husky plate current pulses at your chosen 
operating frequency. The job of the plate 
tank is to take the energy in those pulses, 
clean it up into nice sine waves and 
deliver those efficiently to the output. 

To get a feeling for what is going on in 
the plate circuit, it is useful to consider a 
mechanical analogy to our Class C tube 
and its tank. Everyone has pushed a child 
in a swing, so we all know how it works 
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and how it is done. We put an energy 
pulse (a push) into a “tank” (the swing) 
on every cycle in order to deliver a nice 
oscillation into a load (the child). While 
that might seem to be a pretty simplistic 
analogy, it nonetheless is a reasonable 
equivalent to our Class C plate circuit, 
and it does deliver some good insights. 

For one thing, we know that you must 
time your push carefully in order to get 
the most energy coupled into the swing. 
You don’t want to start your push until 
the swing has stopped its upward arc and 
is beginning its downward swing. If you 
start your push too early (i.e. on the 
upswing) you will be fighting the motion 
of the swing and wasting energy (i.e. 
lower efficiency). Also, you clearly want 
to time your pushes to the oscillation 
frequency of the swing or again you will 
waste energy. 

Now there is an important difference 
between the swing analogy and the Class 
C tube and its tank. Unlike the human, 
the Class C stage isn’t intelligent and 
knowledgeable about when it needs to 
deliver its current pulse for best effect. It 
just puts out the Ip pulses at the operating 
frequency, regardless of where the tank is 
in its voltage cycle. Therefore it is up to 
you to make sure that the tank’s resonant 
frequency will be carefully synchronized 
with the pulses. Fortunately, that is 
exactly what you are doing when you dip 
the final during tune-up. 

Figure 3 is a graph showing the 
relationship of the plate current pulses 
and the plate tank voltage for a Class C 
stage. One very interesting thing to note 
is that the Ip pulse occurs only when the 
plate voltage is at its lowest, and this is 
what accounts for the excellent efficiency 


of a Class C stage. 
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Now let’s consider what happens as we 
continue loading up the final. On the 
first dip, we have the loading control set 
to “minimum loading” (which, in a PI 
net corresponds to maximum loading 
capacity). At this point the peak-to-peak 
plate voltage swing is at its maximum and 
the plate current pulses are at their lowest, 
because of the high load impedance 
provided to the plate by the tank at this 
point. 

As we increase the loading on the final, 
a lower impedance is seen by the Class C 
tube, causing the plate current pulses to 
increase in size and the RF plate voltage 
magnitude to drop somewhat. We 
continue this process of dipping and 
loading until the desired plate current 
under load is achieved. As you can 
imagine, the plate dissipation has also 
increased along with the increase in power 
output, and it is reaching the rated 
dissipation limit of the tube that 
ultimately establishes where we must stop 
further loading up. 
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An interesting question to ask at this 
point is: Why doesn’t tuning the tank 
cause the output frequency to change? 
After all, the tank has its own resonant 
frequency, and the ringing of that tank is 
what becomes our output signal. Yet our 
transmitters stay exactly on the frequency 
of the driving pulses while we tune. How © 
come? 

Looked at from the frequency domain 
perspective, the answer is clear: The 
Ip pulses consist of a fundamental 
frequency plus lots of harmonics. The 
tank is just a bandpass filter, which 
broadly selects the fundamental and 
attenuates the harmonics. So the 
fundamental exciting frequency is what 
we get out, period. 

But we humans live in the time domain 
where the answer is perhaps not so 
apparent, so I decided to instrument a 
small Class C stage where I could see for 
myself what was actually going on in the 
plate circuit. I found the results to be 
quite interesting. It turns out that the 
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plate current pulses have a commanding 
effect on the plate tank voltage. It is 
somewhat like having an “800-pound 
Gorilla” powering the swing. The gorilla 
can just about make the swing do whatever 
he wants it to, in spite of the actual 
period of the swing. 

In the Class C circuit, as you tune the 
tank off resonance, the Ip pulses force 
the tank voltage to stay in frequency lock 
with the tube’s output. However, the 
tank voltage also shifts in phase a bit as 
the tank resonance is tuned or drifts. 
Looking back at figure 3, imagine the 
plate voltage waveform sliding forwards 
or backwards in time by a few tens of 
degrees as you turn the plate tuning 
control off to one side or the other of the 
dip. The bottom line is that there is some 
minor phase shift as the tank is tuned, 
but the output frequency stays exactly 
the same as that of the driving current 
pulses. 

With that, I'll conclude this brief and 
selective tour of Class C operation. | 
hope some of this has been interesting to 
you and perhaps has answered a few 
questions you may have had yourself 
about Class-C stage operation. 

In closing, I'd also like to gratefully 
acknowledge the contribution of my old 
friend Nick, W5FUA, in discussing and 
helping to clarify some of the information 
contained in this article. 


References: 

1: Radio Engineer’s Handbook, Frederick 
E. Terman, 1943 

2: Radio Handbook, 23" Edition, 
William I. Orr, W6SAI, 1997 
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Comments, from Page 1 
and the email reflector (go to the website 


to join the email list). Please see the 
Camp San Luis Obispo web site for more 
information about logistics and entry to 
this active base. http:// 
www.calguard.ca.gov/cslo/ 

Suggested operating frequencies during 
the meet are 3870 kHz, 3885 kHz and 
7293 kHz for AM, 3996 kHz and 7296 
kHz for USB, and 29.6 MHz and 51.0 
MHz for FM. The use of 146.52 is 
recommended for simplex operation. 

Bring your treasures for operating, 
trade, sale or displaying! Find some more! 

George Hart, WINJM (SK) 

George Hart, W1NJM — the chief 
developer of the National Traffic System 
(NTS) — passed away Sunday, March 
24. He was 99. George spent more than 
four decades as a member of the ARRL 
Headquarters staff. In 1984, the ARRL 
Board of Directors named Hart as an 
ARRL Honorary Vice President. 

First licensed in 1929 as W3AMR in 
Pennsylvania, Hart began his ARRL 
career in August 1938 as a second operator 
at the W1AW Maxim Memorial Station, 
which was new at the time. He took over 
as Acting Communications Manager in 
1942 when John Huntoon, W1LVQ, 
left the ARRL for active duty in the US 
Coast Guard during World War II. 
Beginning with the December 1942 issue, 
Hart contributed almost 1000 articles to 
QST; he also penned the monthly 
columns Operating News and Amateur 
Radio Public Service. Hart served in the 
Army Air Force from 1944-1946, 
returning to his job asa Communications 
Assistant at ARRL Headquarters under 
Ed Handy, W1BDI. He was inducted 
into the CQ Hall of Fame in 2010 for his 
contributions to the NTS. 

ER 
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The Restoration Corner ) 
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Please send in your restoration topics and share them with all ER readers! —_/ 


Tools All Men Need, and 
Occasionally Use Correctly 


By Ben Greathouse, Ontario Canada 


¢ Drill Press: A tall upright machine 
useful for suddenly snatching flat metal 
bar stock out of your hands so that it 
smacks you in the chest and flings your 
beer across the room, splattering it against 
that freshly painted part you were drying. 
° Wire Wheel: Cleans paint off bolts and 
then throws them somewhere under the 
workbench with the speed of light. 

¢ Electric Hand Drill: Normally used for 
spinning pop rivets in their holes until 
you die of old age. 

¢ Pliers: Used to round off hexagonal 
bolt heads. 

¢ Hacksaw: One of a family of cutting 
tools built on the Ouija board principle: 
It transforms human energy into a 
crooked, unpredictable motion, and the 
more you attempt to influence its course, 
the more dismal your future becomes. 

* Vise Grip Pliers: Used to round off 
bolt heads. If nothing else is available, 
they can also be used to transfer intense 
welding heat to the palm of your hand. 
* Oxyacetylene Torch: Used almost 
entirely for setting various flammable 
objects in your shop on fire. Also handy 
for igniting the grease inside a wheel hub 
you re trying to get the bearing race out 


of. 
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e Whitworth Sockets: Once used for 
working on older British cars and 
motorcycles, they are now used mainly 
for impersonating that 9/16 or 1/2" socket 
you've been searching for the last 15 
minutes. 

¢ Hydraulic Floor Jack: Used for lowering 
an automobile to the ground after you 
have installed your new disk brake pads, 
trapping the jack handle firmly under the 
bumper. 

* Eight-foot Long 4x4 Douglas Fir: 
Used to attempt to lever an automobile 
upward off a hydraulic jack handle. 

¢ Tweezers: A tool for removing splinters 
of wood, especially Douglas fir. 

* Telephone: Tool for calling your 
neighbor to see ifhe has another hydraulic 
floor jack. 

¢ Snap-On Gasket Scraper: Theoretically 
useful as a sandwich tool for spreading 
mayonnaise; used mainly for removing 
dog feces from your boots. 

e E-Z Out Bolt and Stud Extractor: A 
tool that snaps off in bolt holes and is ten 
times harder than any known drill bit. 
¢ Two-ton Hydraulic Engine Hoist: A 
handy tool for testing the tensile strength 
of bolts and fuel lines you forgot to 
disconnect. 

¢ Craftsman 1/2 X 16-inch Screwdriver: 
A large motor mount prying tool that 
inexplicably has an accurately machined 
screwdriver tip on the end without the 


handle. 
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¢ Aviation Metal Snips: See Hacksaw 

¢ Trouble Light: The home builder’s own 
tanning booth. Sometimes called drop 
light, it is a good source of vitamin D, 
“the sunshine vitamin,” which is not 
otherwise found under cars at night. 
Health benefits aside, its main purpose is 
to consume 40-watt light bulbs at about 
the same rate that 105-mm howitzer shells 
might be used during, say, the first few 
hours of the Battle of the Bulge. More 
often dark than light, its name is 
somewhat misleading. 

* Phillips Screwdriver: Normally used 
to stab the lids of old-style paper-and-tin 
oil cans and squirt oil on your shirt; can 
also be used, as the name implies, to 
round off the interiors of Phillips screw 
heads. 

e Air Compressor: A machine that takes 
energy produced in a coal-burning power 
plant 200 miles away and transforms it 
into compressed air that travels by hose 
to a Pneumatic impact wrench that grips 
rusty bolts last tightened 70 years ago by 
someone at GM, and rounds them off or 
twists them off. 

¢ Pry Bar: A tool used to crumple the 
metal surrounding that clip or bracket 
you needed to remove in order to replace 
a 50 cent part. 

¢ Hose Cutter: A tool used to cut hoses 
1/2 inch too short. 

¢ Hammer: Originally employed as a 
weapon of war, the hammer nowadays is 
used as a kind of divining rod to locate 
expensive parts not far from the object 
we are trying to hit. 

° Mechanic’s Knife: Used to open and 
slice through the contents of cardboard 
cartons delivered to your front door; 
works particularly well on boxes 
containing upholstered items, chrome- 
plated metal, plastic parts and the other 


hand not holding the knife. 
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ER MAILBAG 


Dear ER, 


In 1966 I was working in an avionics 


shop. I had a 2nd class phone licence and 
was also a ham. Some local CB OP 
thought I could build a special CB 
antenna for him. He brought over an 
article that had been published in an 
electronics or CB magazine. It was a 2- 
watt, 50 or 52 ohm composition resistor 
connected to the end of a few feet of RG- 
58/U. The other end had a PL-259 plug. 
It had cardboard or plywood “bat wings” 
attached to either/both sides of the 
resistor. The antenna was “guaranteed” 
to have very low SWR. 

After a good laugh I told him the 
article was probably in an April issue. It 
was, and he decided he did not want it 
after all! I thought all CBers needed one. 

73, Harold Wright, K4MFN 


a es 
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Events Provided Courtesy of Tom Dailey, WQEAJ 


¢ April 20 - Ararat Shrine Amateur Radio Club - HAMBASH 
Kansas City, MO. Contact: Dave Michael, WA@NXD - demichael38@hotmail.com 
816-254-9011 http://www.hambash.com/ 

¢ May 11 - Bates County ARC hamfest. Contact: Darrell Wilson, KD@KDF 
kdOkdf@gmail.com. Club main web site: www.bc-arc.com. Flyer: www.bc-arc.com 
Hamfest2013.pdf 

* June 15 - Derby (KS) Radio Shack - Annual 22nd Sidewalk Sale. Contact: Mark 
Brecheisen, KBO@MOF 316-788-4225 hamradiocenter@cox.net 
¢ July 20 - HamFest, Warrensburg MO Area Radio Club (WAARCI), www.waarci.org 
Keith Raihala, NOVJ, 660-864-1911 nOvj@arrl.net 
* August 18 - Kansas State Convention - Salina, KS, NEW LOCATION - Be sure to 
check the web site , www.centralksarc.com/2013conv.htm 

* August 23 / 24, 2013 - Hamfest - Joplin, MO, Joplin Amateur Radio Club 
www.joplin-arc.org Jim Johhannes, N@OZSQ, 417-437-9547 
jimjohannes@sbcglobal.net 
¢ September 14 - Santa Fe Trail ARC - 2nd annual hamfest, 8 am - 1 pm, Johnson 
County Fairgrounds, Gardner, KS. Contact: Del Sawyer, KODDS, 
dsawyer@sbcglobal.net or ksOks@arrl.net, http://sftarc.org 
* October 19 - Southside Amateur Radio Club - Hamfest 2013, 8am - 1pm, St. Sabina 
Catholic Church, 700 Trevis Ave. (Hwy 58), Belton, MO. Contact: Forrest Creason, 
KDORSX, kd0rsx@gmail.com 
¢ November 8 & 9, 2013 Midwest Division ARRL Convention, Lebanon, MO, 
Cowan Civic Center - http://www.lebanonmissouri.org. Ron Lowrance, K4SX, 
k4sx@centurytel.net, http://arrlmidwestconvention.com 
* November 16, Raytown (MO) Amateur Radio Club Hamfest - NEW LOCATION 
8 am to | pm, Steve Deines, NOTES, jdeines@yahoo.com 


ER 
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CLASSIFIEDS 


Advertising Information 

Subscribers receive 1 free 20-word ad per month. Extra words are 20 cents. Ads 
run ONE month unless otherwise requested. “For Sale” or “Wanted” and all of your 
contact information counts as 6 words. That leaves 14 words for the description. 
Hyphenated and slashed words/numbers count as 2 words. Please count the 
words in your ad as described above, and if you are over 20 words, send 
payment for the extra words at .20 each. Note: Not all readers use email, so 
include phone numbers if a response is desired. To avoid disappointment, don’t wait 
until the last day to submit new ads. Non-subscribers: No Free Words. $5.00 
minimum for each ad up to 20 words. Each additional word is 50 cents. 


Please Call or Write for Display Rates 
_ VINTAGE EQUIPMENT ONLY! ) 


ER 
PO Box 242 
Bailey, Colorado 80421-0242 


3 Deadline for May 2013: 


SERVICE FOR SALE: Repair and 
restoration on all vintage equipment; over 
50 years of experience. Barney Wooters, 
W5KSO, 8303 E. Mansfield Ave., Denver, 
CO 80237. 303-770-5314 


MANUALS FOR SALE: Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or (best) email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: Navy TBW transmitter $350, 
TED-4 transmitter $150, BD-86B 
dynamotor $60, pick up only, Steve 
W6SSP, Santa Rosa, CA. 707-544-8142 
zarco @ sonic.net 


FOR SALE: Triple-813 40-10M 1 KW GG 
amp built by Bruce Vaughan (NR5Q, Sk). 
Uses B&W 852 network. Built like a tank in 
a 14"Hx18"Wx18"D enclosure. Amp only 
- no P/S. No docs. Pi-input network will 
have to be reverse-engineered to 
determine switch positions. $350. Dave 


Ishmael, WA6VVL. Pickup only in Tustin, 
Electric Radio #287 


Telephone: 720-924-0171 
FAX (call first): 303-838-3665 
Ray@ERmag.com (Email ads OK) 


@ Tuesday, April 23! 


CA. Email me _ for 
daveishmael @ cox.net 


FOR SALE: Heath B-1 balun $75 and a 
Gonset 2meter and 6 meter trans. $50 
each. plus shipping on both. Heathkit HW- 
101 with ps and spkr, mint, working . 200 
plus shipping. Heath HW-104ps and spkr 
mint, working, $300. Heath HR-1680, HR- 
1681, ps and spkr. $300, mint, working. 
Heath SB-634 station console, mint, 
working, $75. Eico grid dip with coils, $25. 
Heath tunnel dipper HM-10A, no coils, 
working, tested with my coil set, $20.plus 
shipping on all. Marty, wb2fou @ aol.com 


FOR SALE: Oil filled capacitors 4MF 
2000V, 10MF 1500V, (3) 10MF 1000V, (3) 
10MF 600V, 1MF 300V, 14 MF 2500V, 
20MF 600V, 15MF 1000V, (2) 24MF 
1000V—$5 ea. (3) 4MF 3000V and 10MF 
4000V, $6 ea. All 18 for $80. Plus shipping. 
Fenton Wood, 3908 Stillmeadow, Bryan, 
TX 77802 W5AIR, 979-571-8872 
fentonwood @ yahoo.com, 


photos, etc, 
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i ital Ae Kits with Companion eu for Tube Rigs! 


and Transmit Offset 


401-624-4739 


¢ New! EFJ Valiant pea: cite overtone software, specifically designed to band- 

switch the correct bands and display the correct overtone! 

¢ Buffer Amplifier drives DX-40, DX-60, Harvey-Wells Bandmaster, HT-40, 2NT, 
T-60, Valiant land 2, Adventurer, Challenger, Eico and many other tube rigs. 

* VEO Based on May 2008 QEX and June 2011 CQ articles 

¢ All Surface-Mount Parts Pre-Installed, 100 kHz to 30 MHz coverage, CAL, RIT, 


¢ Highly Stable and Accurate with Display and Shaft Encoder Included; Low Phase 
Noise, Flash Memory Storage for Frequency Configurations 
¢ Demonstrated at Dayton and Boxboro 2012! 
See www. WAI1FFL.com for articles, ordering and technical information 
James D. Hagerty, WAIFFL, Hagerty Radio Company 
64 Nonquit Lane, Tiverton, RI 02878 
j-hagerty@att.net J 


FOR SALE: Collins 75A-1, Collins 75A-3 
receivers. Please call for more info. Rudy, 
W2ZIA, 716-937-9279, please be sure to 
leave a message. 


FOR SALE: Lampkin F.M. Modulation 
Meter Type 205. Excellent condition with 
manual $125 plus shipping. Frank Huber 
WOBDO 109 4TH Street SE Montgomery, 
Mn. 56069 email: ruthrch @ frontiernet.net 


FOR SALE: Parts radios: Swan 500, Swan 


500C, Drake 2B, Yaesu FT101E, $20 
each. Ed Fluhe, WA7DAX, 1649 E 
Stratford Ave, Salt Lake City, UT 84106 
801-598-9217 


FOR SALE: Heathkit model GR-64 


receiver, $100 OBO, We ship. Bill, 
WODCM, 218-386-1654 
48 Electric Radio #287 


FOR SALE: Allied AX190 receiver, very 
clean, works good, $110. Hammarlund 
HQ170A with matching speaker $140. 
Two Eimac 304TL tubes, new in sealed 
box, both for $75. Hallicrafters TO keyer 
$20. Ameco converter model CMA, $15. 
Johnson Viking Ranger, $50. Ed Fluhe, 
WA7DAX, 1649 E Stratford Ave, Salt Lake 
City, UT 84106 801-598-9217 


FOR SALE: Kenwood TS990 transceiver. 
Looks and works very nice, best offer. Ed 
Fluhe, WA7DAX, 1649 E Stratford Ave, 
Salt Lake City, UT 84106 801-598-9217 


FOR SALE: Heathkit DX-100 front panels. 
Brandnew, color matched & silk-screened. 
Picture available. $90.00 + shipping. Walt 
Korab, 570-421-8371, w3fnz @verizon.net 
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Estate Purchase 
Consignment 
Finder’s Fee Available 
SOLD FOR YOU, LLC 
Established 1998 
John Wieder, KOJY 
= 62639 OhIm Road, Montrose, CO 81403 ' 

Tel: 970-249-2751 or Email: djwieder@q.com 


FOR SALE: Please see my ad in February 
ER p. 49 for more items! | have many 
TransOceanics for sale, tube and solid 
state. Several Hickok tube testers. WWII 
frequency meter with calibration book. 
Dozens of cathedral and tombstone radios. 
Have hundreds of tubes of all kinds 
including 6L6GC and 2A3, etc. Bill Kalcik, 
608-253-9855 


FOR SALE: Sideband Engineers model 
SB-33 transceiver, 80-40-20-15 meters 
SSB only, 50 watts output. Collins 
mechanical 2.1 khz filter, condition 8.5, 
works normally, front panel good (not 
perfect-it is 45 years old!), knobs are good 
(a few hairline cracks), cabinet is a repaint. 
Has SBE VOX-33. $195 plus shipping. 
Ken, K8TFD, 734-564-0316 
ken.sands @cavtel.net 


FOR SALE: 150+ issues of station WLS’ 
weekly magazine, Stand By! 1934-1936. 
Pretty good shape, $200. Andy Ooms, 
oomspine@msn.com or call 310-375- 
1768 


FOR SALE: Harvey Wells Bandmaster 
Deluxe Transmitter and HB Pwr Supply, 
Excellent Condition $275 + Shipping 
Howard Felder, 301-320-3028 

FOR SALE: Parting Out, DX100, Ranger 
ll. | may have what you need. Roger, 
W9BZ, LR-JL@juno.com, 1-317-881- 
7466 


FOR SALE: Parting out a Collins 32V-2. 
Let me know your parts needs. Ron, 
ab5wg @satx.rr.com 
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FOR SALE/TRADE: Collins manuals 
(original): KWM-2, 30L-1, 32V-2, 51S-1, 
75A-1, 75S-3B/C, others. NI4Q, POB 
690098, Orlando, FL 32869. 407-351- 
5536, ni4q@juno.com 


FOR SALE: Collins S-Line dust covers, 
two-tone Collins gray fabric. Others custom 
made, reasonable prices. 
Robin63 @comcast.net 


FOR SALE: Obsolete Triplett meter, tester 
and hardware parts. Need Triplett number 
from manual. Unused stock. Bigelow 
Electronics, PO Box 125J Bluffton, OH 
45817-0125 


DRAKE PARTS FOR SALE: New spun 
inlays for the B Line or TR4 main knob, $6. 
Also sell new pointer knobs. Alan, KC9YS, 
630-879-1132 after 7pm 


QUARTER CENTURY WIRELESS ASSOCIATION, INC. 


Licensed at least 25 years ago ? 
And licensed now ? 


Then you should belong to the 
Quarter Century Wireless Association 


QCWA, Inc. 

8400 NW 115th Avenue 
Ocala, FL 34482-1098 
USA 
Wwww.qcwa.org 
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ZIM ELECTRONICS INRUSH CURRENT LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in three versions: 


Model AB-1 (With Pilot Light) .................. $32.95 
Model AB-1M, (With Voltmeter) ...........cccseccceees $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
Shipping, each Jimiterpeck .c.2.c..c.ccncsstacvecseost 

(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a gentle, slow startup for 
your valuable vintage radio equipment. They also reduce 
the line voltage closer to original design values due to the 
voltage drop across the limiter element. AB-1 and AB- 
1M are 150W. All models come with a full money-back 


Model AB1-M 


Electric Radio Store 


guarantee. 


FOR SALE: West Coast Service Pro: Tx, 
Rx, Modulators, PS overhaul. AM, CW 
tube type only. FCC Commercial License. 
Larry, W6WUH, — 707-874-1000, 
CaptL @ Sonic.net 


Test Equipment Repair and Sales: 
Cushman Monitors, HP-410C, HP-410B, 
Logimetrics and AUL Industries RF Signal 
Generators. Service—Sales—Parts, http:/ 
/www.kiss-electronics.com, W7DUZ 


FOR SALE: Johnson 500 completely 
restored, new face, power supply and RF 
deck cases repainted, just beautiful. 
$6,000 Chuck Hurley, K1TLI, 508-965- 
7400 


FOR SALE: Electronics Stuff, reducing 
my 50 yr. collection of radios, meters, 


720-924-0171 


instruments, wire and lots of parts. If you 
repair or build, | may have what you need 
reasonable. Call anytime, 330-876-0529 


FOR SALE: BC-610-l, ready to run, two 
left. $1,300. Pick up only in Mesa, AZ. 
George Portell, 3212 N 83° St, Mesa, AZ 
480-986-5797 w8qbg@yahoo.com 


FOR SALE: ATAS Antenna Repair. If yours 
died, I'll fix it. Inexpensive repair - factory 
doesn’t work on ‘em. Tom, W@EAuJ, 
daileyservices @ qwest.net 303-455-0889 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100!G. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 


Vintage Style Radio Kits 


Lance Borden, WB5REX 
13911 Kensington Place 
Houston, TX 77034 


Antique Radio Schematics 


BORDEN RADIO COMPANY 


Phone: (281) 620-6692 
www.xtalman.com 
WB5REX@earthlink.net 


Mail: jwalker83 @kce.rr.com 


FOR SALE: Atwater-Kent 
dual speed tuner repair kit. 
Complete details at 
www.adamsradio.com 
Adams Manufacturing CO., 
POB 1005, Lincoln Park, 
MI 48146 


FOR SALE: Military 
connectors are our 
specialty. Please call for 
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availability and price. William Perry, 702 
(rear) Beechwood Road, Louisville, KY 
40207 502-893-8724, FAX 502-893-9220 


williamperrycompany @insightbb.com 


FOR SALE: Collins S-Line white dial 
transfers, per ER #242, with complete 
instructions, are available for $13.95, 
postpaid. Contact Shawn Daniels WAQIIH, 
335 Bowles Ave., Fenton, Mo., 63026 
636-343-5263 or by e-mail: 
ajd4200 @charter.net 


CRYSTALS FOR SALE: FT-243, HC-6U 
Drake Collins etc. http:/Awww.af4k.com 
Brian, AF4K, TEL: 321-262-5471 


SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube comm. 
& test equip. Accepting most military, all 
Collins & Drake, & better efforts from 
others. Laboratory performance 
documentation on request. Work 
guaranteed. Chuck Felton, KD@ZS, Felton 
Electronic Design, 1115 S. Greeley Hwy, 
Cheyenne, WY 82007. 307-634-5858 
email: feltondesign@ yahoo.com 
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e 
Estes Auctions 
Specializing in Vintage Radios 
Complete Auction & Appraisal Service 


ESTES AUCTIONS 
7404 Ryan Road, Medina, Ohio 44256 
Ph: 330-769-4992 @® Toll Free: 888-769-4992 @ Fax: 330-769-4116 
www.estesauctions.com @ Email: estesauctions@aol.com 


Richard Estes, Auctioneer--Radio Call Sign K8LRY 
Call Us to Sell One Radio or Your Entire Collection! 


We offer pick up service for your collection 


FOR SALE: Quality reprints for Ameco, 
Clegg, Collins, Gonset, Hallicrafters, 
Hammarlund, Johnson, National, WRL, 
and others. rece Ken, 
www.RadioReprints.com. 


FOR SALE: New Multi-Section Can-Type 
Electrolytic Capacitors. Made to Your 
Specifications. Twist-tab, Stud, or Clamp- 
mount. www.hayseedhamfest.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N9O0O, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 

SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill.riches @ verizon.net 

QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 
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FOR SALE: 
1. Collins Radio 32V-3 Transmitter $750 
2. R-390A Receiver $750 


Manuals available with All equipment. 
Equipment all in Good to Excellent 
Condition. 


Also for sale, 40 X 80 Ham Shack, Living 
Quarters, Shop, Garage.A retired Ham’s 
Paradise in Southern Arizona on 40 
Acres. Awesome Towers and Antennas. 
Station can be remote controlled via the 
Internet, $360K. 


Wes Minear - W7UO 


Telephone 520-398-2722 


VMRN Second Annual ART-13 
“Round-Up!” 

The Vintage Military Radio Net is an- 
nouncing its second annual ART-13 “Round- 
up.” The date is Sunday, April 21, 2013. 
The AM frequency will be 3974 kc. The 
time will be 8AM to 9AM PST. 

The object is to check into the Vintage 
Military Radio Net with as many ART-13 or 
ATC transmitters as you can. Asa structured 
roundtable AM net, the VMRN net control 
will call for check-ins at the beginning of the 
net. Each recognized check-in is assigned a 
number in the rotation. Be sure to tell net 
control that you are using a different ART- 
13 each time you change transmitters. At the 
end of the net, the net control will total the 
number of ART-13 transmitters that have 
checked-in and will announce that total to 
the group. Join the fun and listen to these 
fabulous transmitters. 

For more information contact one of the 
following Net Control operators: 

Primary Net Control: KODWC - Chuck 
Cusick = 
kOdwc@checkmateking2.com 

Alternate Net Control: WA7YBS - Henry 
Rogers - email: w7ybs@att.net 


email: 
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Brand New - Freshly Manufactured 


COLLINS R-390 (A) 


Plug-In Capacitors 


"Octal" Style 


Also 51J / R388 


Details: www.hayseedhamfest.com 
= 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH, hittp:// 
TomsAntiqueRadioRepair.com 


FOR SALE: DRAKE TR-7/TR-7A/R-7/R- 
7Aservice kit. Includes 13 extender boards 
and digital jumper card. $64.75 includes 
postage. See http://pweb.amerion.com/ 
~w7avk, Bob, W7AVK, 5581 Panorama 
Dr, Moses Lake, WA _ 98837, 
w7avk @arrl.net 509-750-7589. 


FOR SALE: Radio parts and hardware. 
Some are 60 years young! Free flyer, USA 
only. Bigelow Electronics, POB 125, 
Bluffton, OH 45817-0125. Now 55 Years 
in Mail Order! 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP. 401-934-1845 
ka1edp @ yahoo.com 


ACCESSORIES FOR SALE: KWM2/S- 
line metal logo pins. Meatball or winged. 
Excellent replica of the original. Put one 
on your hat, badge, or replace a missing 
logo on your panel, $6.25 shipped. W6ZZ, 
1362 Via Rancho Pkwy, Escondido, CA 
92029. 760-747-8710, w6zz@cox.net 


FOR SALE: Visit RadioWorld- 
OnLine.Com you will find new items and 
information every month! Carl Blomstran, 
POB 890473, Houston TX 77289 
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ELECTRONIC SPECIALTY PRODUCTS 


| ano 
+ 14. 200..00MH2 USE 


| BD-103 Universal Digit 


Electronic BBP-1020 
Specialty 


OFF 10 20 
Products i 


Broadband HF Preamp 


SINGLE SIDEBAND ADAPTER 
ESP LSB OFF USB PO-2 


@ 


DIGITAL READOUTS FOR 
NEARLY ALL VINTAGE 
RCVRS & TRANSCEIVERS 
FT-101 TR4 TS-520 KWM2 


RECEIVER PRE-AMPS 
TO STAGE EXTERNAL 
ANTENNA MOUNTED 
INSIDE VINTAGE RCVRS 


PD-2 SSB ADAPTER 
455KHz & 500KHz IF 

AM SYNC DETECTOR 
DRM DOWN CONVERTER 


KK4PK.COM 


SERVICE FOR SALE: Authorized repairs 
and sales of all types of amateur radio, 
communications, and test equipment. 
Please call Land Air Communications, 
718-847-3090, visit our web site: 
www.landaircom.com. We have over 
3,000 items in inventory and carry all 
types of communications parts. 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 

NOTICE: Visit Radioing.com, dedicated 
to traditional ham radio & vintage radio 
resources. Let’s Radio! Charlie, W5AM. 
www.radioing.com. 


SERVICE FOR SALE: | build hot-rod 


receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A-B, 
AF-67. Chuck Felton, KDOZS, Cheyenne 
Wyoming, 307-634-5858, 
www.feltondesign.com 
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INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. WANTED - 
AN/FRT-24 transmitter parts. Nick KANYW 
navy.radio @ gmail.com 


SERVICE FOR SALE: SMO and module 
repair for KWT-6, URC-32 and other 
Collins radios. Jim Whartenby, 
antqradio @ sbcglobal.net, 501-282-2991 


WANTED: Drake 2-NT Transmitter Good 
Working Condition Curtis KCQUNL 
curtstamp @aol.com 217-359-4017 


WANTED: Schematics, manuals for 
Watkins-Johnson 901-1 VHF receiver and 
National R1230/FLR receiver. Hal, 
KK6HY @arrl.net 650-366-5060 California 


WANTED: Person has skill to wind coils 
by hand or their machine. Also 
transformers. Craig Sellen, 10 Harrison 
Ave, Carbondale PA 18407-2580 


WANTED: Collins Filter, prefer F455B- 
60, but F455B31 working or not is ok for 
platform to build 75a-3 AM filter. Ed-KV51 
eh_54@yahoo.com ph# 469-271-0507 
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freed from m 


finishes the job. Made to order and) Made ‘in 


ae 
The R390A is mt ama 225 electronics sad mechani ical design. The KD 
I 


itary contract constraints and/optimized for-wide range of HA 


"and SWL int 


erica. Upgrades are hand wired with(parts like cen al. 


it’s nota different radio; just better; much-betteFrn—— 
2 watts of hifi audio drive a very efficient 12° coaxial speaker i ina tuned:-wood box. Your ears Pe) 


for both A. M. and a3. B. 


>d:GBZ@)roh nt 


range. 


160 c 6 pole L. c. minimum ph: ase shift for highest fidelity. 
non-radioactive,.Am erican made, much better visibtlity. meters w 


Will CQUPMENT Barone Canoes UENO Local caw 


re details, optiongand pricing c CL: Chu ck Felton KDOZS — 


drive come to: aa 
Mfronic Design (ae 
1115 South Greeley Highway 
Cheyenne, Wyoming 82007 
By appointment only .. 


WANTED: Hammarlund HQ-129X 3.2-5.7 
Mc Antenna coil partno.6013 Rick Dupree, 
NN2K, 607-240-5227 nn2k51 @ gmail.com 


WANTED: Type 10 tube(s) in good working 
condition. Will trade tested graphite 813, 
4D32, or 811A. Tom, WS3BYM, 
w3bym @logonbasic.com 


WANTED: IF coil set for R-24/ARC-5 
receiver. 3 plug-in cans, 239 Kc, Mike 
Shaw, K2LRE, 11 Caton Terr, Caldwell, 
NJ 07006, 973-228-5722 or 
K2LRE @AOL.COM 


WANTED: Meter for Viking Ranger II. NC- 
101X (ham band receiver ) with the HRO 
dial, any condition K1DFT, Rob Vincent 
401-487-3933 Robvi3@ gmail.com 


WANTED: Phase shift networks, (PSN) 
for audio frequency’s circuits or modules. 
Building SSB unit. C. Kendrick Sellen 10 
Harrison Ave. Carbondale, PA 18407- 
2580 


WANTED: HRO-60 J coil and an HRO-50/ 
60R dust cover. Pete, WOEWQ, 
peter.patton @oc.edu 
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307-631-5358 


email: feltondesign@yahoo.com 
web site: www.feltondesign.com 


WANTED: 32V3 in good physical and 
electrical condition. Local pickup in the 
Dallas TX area. Mike, W2HLD, 
w2hld @arrl.net 214-236-7503 


WANTED: ARRL code practice cassette 
tapes that featured Jean Shepard, K2ZORS, 
from about the late 1970s, early 1980s 
era. Thanks! Glenn Bowman, AC8LP, 
gbowman12 @comcast.net 


WANTED: HRO-50/60R dust cover. Mint 
HRO 50R-1. Pete WOEWQ 405 396 2420 
peter.patton @cox.net 


WANTED: 3BP4 and 3KP4 CRT’s, Weston 
269 & 271 meters Steve Pazar W6SSP, 
Santa Rosa, CA. zarco@sonic.net 


WANTED: Collins 75A3 AM filter F455C60, 
TMC GPR90 cabinet, Hammarlund HX500 
rear accessory plug. Bill 
ke7kk @earthlink.net 605-343-1596 


WANTED: Meter for Heath V1 VTVM. 
Joe, wisov @arrl.net or 802-862-1816 
WANTED: JEL plug-in coils, 40 through 
10 meters. Tony Sudney, K8BPVW, 313- 
882-2815 K8pvw @ Juno.com 
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Your Resource for * * Collins Radio * * 


YVIN\ (IISSW_ |]H>~"CXW- [7 
Collins Collectors Association 


WY SY 
Offering Unparalleled Free as well as.. 
.... Exciting Member Benefits 
World Class 
Visit at collinsradio.org & join the fun 


Signal Magazine 


Dayton & Dallas Events are Coming 
See our Events Calendar 
Come see what the excitement is about 


WANTED: TMC GPT-750 transmitter in 
good working (but cannot afford mint) 
condition. Gary, WAOSPM, 303-684-4026 
geissingergary @ yahoo.com 

WANTED: BC-969A receiver SCR-614A. 
Harry Weber, 4845 W. 107th St, Oak 
Lawn, IL 60453 


WANTED: Extra nice Hallicrafters SX-25. 
Frank, lawweek @ earthlink.net 


WANTED: Manual, etc, for Corba 150 
GTL DX 10 meter mobile, Night Watch 
Radio. Bob, KBMGC, 330-879-5250 


WANTED: Knob for Bird 74-series coax 
switch (large teardrop shape). Don K4ZA 
704-408-7948, k4za@juno.com 


WANTED; 330 mH inductor, L5, L7 or L10 
from Hammarlund HQ-170 or HQ-180. Art 
Hogrefe, NSFEB, 3140 Sheffield Dr., State 
College, PA, 16801, 
arthogrefestatecollege @ verizon.net 


e Publishes The AWA Journal with: 


- Battery & AC receiver restoration 
- Vacuum-tube history & collecting 
- Old-time amateur-radio contests 
- Communications receivers 


LES 
AWA 


- Early television 


OIN THE AWA — Antique Wireless Association 


THE ORIGINAL AND LARGEST HISTORICAL RADIO-COLLECTOR GROUP 


- Free want-sell-swap ads 
- Horn loudspeaker 


- News of U.S. & foreign clubs 


Mail check to; AWA Membership, P.O. 
awamembership@rochester.rr.com (585) 392-3088 http://www.antiquewireless.org 


e Produces the famous 
annual Rochester Meet 


¢ Maintains unique 
radio-TV museum 


Box 421, Dept. ER, Bloomfield, NY 14469-0421 
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WANTED: Hammarlund HQ-180 or ‘180A 
clock or no clock, good working condx, 
good to very good cabinet and panel 
original knobs Al D’Amico 37 Baynes Ave 
Buffalo NY 14213 716-435-4975 or 716- 
598-5205 


WANTED: G267A demodulator manual, 
schematic, and information. Unitwas made 
by L.T.V. Paul Rehkoph, 340 N Monroe 
St, Montpelier, OH 43543, 
MKRPRROH @ Live.com 419-485-4388 


WANTED: B&W audio phase shift 
networks 350/2Q4. Would like 2 spares 
for my equipment. Don Checkley, phone 
1-204-837-9365 or 354 Woodlawn St, 
Winnipeg, MB Canada R3J 2J1 


WANTED: James Millen 75012 audio 
phase shift network for my homebrew 
SSB generator. Don Checkley, phone 1- 
204-837-9365 or 354 Woodlawn St, 
Winnipeg, MB Canada R3J 2J1 


WANTED: Hallicrafters SX-100 S-Meter 
Don Checkley, phone 1-204-837-9365 or 
354 Woodlawn St, Winnipeg, MB Canada 
R3J 2J1 


S74 ¥ 
Law (iit) \ 
R ) 4 


ANTIQUE RADIO CLASSIFIED 


Antique Radio’s Largest Monthly 
Magazine — 4,000 Subscribers! 


Classifieds - Ads for Parts & Services 
Articles - Auction Prices 
Meet & Flea Market Info. 


Radios, Ham Equip, Telegraph, Hi-Fi 
TV, Books, Art Deco, 40s & 50s Radios 


U.S. Rates: 1 year 
$36 ($48 by 1st Class) 


A.R.C., PO Box 1558 
Port Washington, NY 11050 
Web: www.antiqueradio.com 
Email: arc@antiqueradio.com 
Toll Free: (866) 371-0512 Fax: (516) 883-1077 


paypal VISA @2 ica 


56 Electric Radio #287 


WANTED: National Type K Vernier Dial, 
Johnson 116-260 Vernier Knob. Howard, 
WA7QQI, 360-674-2179 
qqi @centurylink.net 


WANTED: Weston 271 and 269 meters, 
2mA or less movements, and condition. 
Steve Pazar, W6SSP, 4950 Deerwood 
Drive, Santa Rosa, CA zarco @sonic.net 


WANTED: Manual for Coast Guard 
receiver RC-123 by Federal Telephone 
and Radio Corp. Greg Raven, soapy- 
smith@comcast.net 954-452-0087 


WANTED: New or used driven element 
for a five element Tel-Rex Tri-ban beam. 
Bill, WODCM, 218-386-1654 


WANTED: Harvey-Wells Z-match tuner. 
Dan, W6HyJ, earlgreywdj @ gmail.com 505- 
281-4293 


Electric Radio Custom 
Coffee Mugs! 


These coffee mugs are nice custom- 
made, 11-ounce white-ceramic mugs 
with the Electric Radio logo in 4 
colors and your name and call sign 
in large letters below the bottom 
border. These are printed in 6 colors. 
They are microwave and dishwasher 
safe! Call for ordering at: 
720-924-0171 
Shipped by-UPSitcccrreereee $22.00 
Or on the Internet: 


www.ERmag.com 
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HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. (We now have 8,400 satisfied customers 
around the world.) The EZ Hang comes with a one 


EZ Hang, Code E 
32 Princess Gillian Court 
Fredericksburg, VA 22406 
www.ezhang.com 


Call Today! 


year limited warranty. 


540-286-0176 


WANTED: Drake TR-7, working or not, for 
parts. Phil, KBEGU, 616-453-1388 or cell 
616-460-8949 


WANTED: R-390As. It was built to play, 
not sit and decay. | overhaul and find them 
a good home. Ted @x44.cc 


WANTED: ARRL book “Tune In The World 


with Ham Radio,” 8" edition. Ed Fluhe, 
WA7DAX, 1649 E Stratford Ave, Salt Lake 


WANTED: Clegg Zeus transmitter and 
power supply/modulator unit with cable. 
Also Interceptor B receiver. Both in good 
condition. Also need good 4CX250R. Tom, 


KSUZF: 517-927-8323, 
russtd @ hotmail.com 
WANTED: Early RCA electron 


microscope, finder’s fee paid. Alan Weiner, 
207-286-5483 WBCQ@wbcq.com 


City, UT 84106 801-598-9217 


Drake Manuals on CD 


The R.L. Drake manuals that were 

compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 
and others. 

Now all of your Drake service 
information can be in one place and you 
won't have to worry about not having a 
manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 

www.ERmag.com 


~ Series 1 + Disk 1 
R.L Drake Co. 


depending on speed of 
the computer. 
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WANTED: HQ-180A for “parting out.” Need 
variable caps, IF cans. Also need BC-221 
or similar with the book. D.C. Fairbrother, 
KiFKW, 1-802-334-5496 or 232 Bigelow 
Bluff RD, Newport VT 05855-9585. All 
Answered. 


WANTED: WWII Japanese military 
transmitters, receivers, accessories. Any 
shape or form. Also, related documents 
and data. Contact ah6cy @arrl.net or 415- 
713-0369 


WANTED: Your old 50’s and 60’s CQ and 
QST’s. Hardcopy only (no digital). Nothing 
to read over here! | will cover USPS priority 
shipping to Turkey + your selling price. 
Grayson, TA2ZGE, wa4gvm@ gmail.com 


WANTED: Hallicrafters DD-1 receiver 
audio chassis audio transformers and 
power transformers. Rod, W5CZ, 
RodPerala@aol.com, 303-324-2725 


WANTED: Lots of IERC TR5-5020H 7-pin 


titles are shipped free. 
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The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


Gollins HG. WIMe2 i aes cessccons sence oes 
Collins 75S-3 and 32S-3............ 
Gollins BO Lad. Bee, ctuesecesucesteoetcees 
COlLIMS HBOS sere eas cccccesesccnessece 
Collinstiw Salat. iecrecaccsessasscecccas 
COTS p75 A aiico acco ccenacccsscstacesuceete 
Collins, R=3904 <n. cccsccseererusceccess08 
Collins R-390A Addendum...... 
Hammarlund SP-600JX............. 


seecgie onto 4 hours, $89.95 
A. Se ere 2 hours, $89.95 
Wer eccrvesk ver 1 hour, $39.95 
Ferree 1 hour, $39.95 
eee, he 2 hours, $39.95 
Perr Se 2 hours, $89.95 
a ee eas 7 hours, $109.95 
Ree sasnetee 2 hours, $49.95 
ooteetthee te 4 hours, $89.95 


Shipping within the US: $6.75 each for the first two DVDs, additional 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 


black tube shields! Chuck Felton, 307- 
634-5858 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1VJ, Hopkinton, RI 401-377-4912 


WANTED: SSTR-1, SSTR-4 and SSTR- 
5. Bob, W@YVA, robert@isquare.com; 
703-450-7049 


WANTED: Need adial lock for Hallicrafters 
R-274D/FRR. Walter lacobelli, 2147 
Harman St, Ridgewood Queens, NY 11385 
718-456-1988 


WANTED: National NTE Exciter to 
complete National 600 Watt Transmitter 
Restoration. Name your price. Brian Harris 
WA5UEK 214-763-5977 
cosmophone @ yahoo.com 


WANTED: Hammarlund ED-4 Transmitter. 


Bob Mattson, W2AMI, 16 Carly Dr, 
Highland, NY 12528. 845- 691-6247 
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w2ami @ arrl.net 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. Rod, 
W5CZ, 303-324-2725, 
rodperala @ aol.com 


WANTED: One of my “KN8GCC” QSLs 
from the mid-1950s. Tom Root, 1508 Henry 
Court, Flushing, MI 48433, 
wb8uuj@core.com 810-659-5404. 


WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KAGNNR, POB 


Alameda, CA 94501 


7164, St. Davids, PA 19087. 215-806- 


FOR SALE: Collins 2I-E five or one kW 1950’s-era broadcast transmitter in like 
new, original condition. It’s been operating crystal controlled on 3870 and now 
runs on 220V single phase. Was operating on 3 phase. It’s in 3 bays that detach 
for easy moving. The large, heavy plate transformer is external. It comes with a 
rebuilt air cooled final amplifier tube (1 of 2). It also includes an air cooled dummy 
load. Price is reduced from $4000.00, my purchase cost, to $2500 for a quick sale. 
Don’t submit a lower offer. Sam Thompson, W6HDU, 1031 San Antonio Ave, 


510-521-1429 


Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military 
Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 
Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 
“Since 1985” 


2005 


WANTED: PRESS WIRELESS, NY: 
Photos, information wanted on Hicksville, 
Baldwin, Little Neck, Centereach, 
Northville facilities. George Flanagan, 42 
Cygnet Dr., Smithtown, NY 11787 
w2krm @optonline.net 631-360-9011 
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— ELECTRIC RADIO BACK ISSUES — 
All Electric Radio back issues are either from the original press run or are lithographic 


reprints from the original negatives on archival quality, acid-free paper. Shipping prices 

ate for delivery by media mail within the USA. Overseas, please inquire for shipping 

quotes. The on-line search for back articles is at http://www.radiolabworks.com/ 

ersearch. html 

* Single Issues: $3.85 Each, Postpaid 

¢ 1-Year Sets (Or Any 12 Issues) $39.00 per year + $6.00 S&H 

* Special Deal on Any Four Years (Or Any 48 Issues): $105.00 + $7.00 S&H 

¢ Almost all of the back issues of Electric Radio from #1 are available for $425.00 + 
$20.00 S&H, at least a 56% discount the over single-issue price. 

* For a postpaid 29-page printed back issue index, please send $3. 


* Foreign Customers: Please Inquire for Shipping Rates 


— COMPENDIUMS — 
All of the Collins compendiums are packaged in nice 3-ring binders. 

Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and 
all the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 108 pages, $20.00 plus 
$5.75 S&H. 

Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages, $45.00 plus 
$6.75 S&H. 

Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages, $15.00 plus $5.75 S&H 


— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent's bi- 
ography, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manu- 
facturers. There are historic photographs and diagrams on nearly every page, and color plates with vintage 
AK advertising. -----------------------------nn nnn nnn nnn nnn nnn nnn nnn ne $25.95 - 10% = $23.35 


Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years 
until retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many 


historic photographs and stories from former employees. --------------------------=--=="=="== $18.95-10% = $17.05 
Again Available! Volume 1 of Crystal Clear by Maurice Siever-:----------------- $29.95 - 10% - $26.95 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets 
and related US-made equipment from 1920 to 1955, by Maurice Siever---------------- $29.95 - 10% = $26.95 


NEW! Dangerous Lessons and Guardian Angels: Jay Spivack’s new 295 page book about his ca- 


reer as an airline pilot should appeal to anyone with an avation intrest, or who has flown on a commercial 
airline! 14 chapters and many Vintage PNOLOS.............:ccceceeeseceeeceeeeeeteeeeteerenseeensseensseseasersnsasensseneeecaaeeneeenn $9.95 
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Early Development of Radio in Canada: 154 pages of Canadian radio history by Robert Murray, 
excellent illustrations on nearly every page covering the early wireless days and the start of radio 
broadcasting and manufacturing! ----------------------------------------0- 20 ner nnn $26.95 - 10% = $24.25 


Miller’s Collecting Science and Technology: 160 pages of high-quality color photographs from 
museum collections make this hardback volume an excellent introduction to this new 


collecting field. Written by Lindsay Sterling----------------------------- $29295-10% = $26.95 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound 
pages surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 
is excellent. -------------------------------------------------------- 2-20 non nn nn nn nn nn nnn nnn $24.95 - 10% - $22.25 

The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find informa- 
tion on tube types that were released before 1934. Includes history and gOOd PhOt0OS.-----------------------n---n-== 
wenn en enn nen nnn nnn nnn nn nn enema enema nana nana nanan nnnn manana nananannnananannnananananananananananamamamnnamamn $25.95-10% = $23.35 
Radio-Craft: 50 Years of Radio by Gernsback: This is a high-quality 141-page reprint of the March 1938 
edition of Radio-Craft magazine and is about the first 50 years of radio, and contains hundreds of vintage 


advertisements. ------------------------------------------------- =n nnn nnn nn nnn nnn nnn nn nnn nc ncnans $15.95-10% = $14.35 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis ----------------------------------------------- $29.95-10% = $26.95 


Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and informa- 
tive.------------------------------------- 2-2-2229 222 nnn nnn nn nnn nnn nnn nnn nnn nnn nnn nnn nnn nnnnnn nnn aes $26.95-10% = $24.95 
The All-American Five Radio: Although this book is about classic American 5-tube broadcast receivers, it also 
contains a wealth of accurate information on vacuum tube receivers, proper troubleshooting, and alignment and 
is recommended for experienced repairmen and novices alike. 92 pages by Richard McWhorter------------------ 
none nnn nn nnn nnn nnn nn nnn nnn nn nnn nnn nnn nnn nnn nnn nnn nn nn nn nnn nn nnn nnn nnn nnn nnn nnn nnn nnn nnnnnnnnnnnnnans $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel tak- 
ing place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, and 


Poles, mentioning radio communications of the day.------..................ceronc one nn enn nn nnn e nnn nnn nnnnnnnnnns $13.50 


Again Available! Tube Testers and Classic Electronic Test Gear: Written by Alan Dou- 
glas, a retired engineer, this book is packed full of valuable information about test equipment. 
EG ICOIOl DAGCS amram ran rem ce a et $29.95-10% = $23.35 
Vintage Anthology, Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave’s 
popular book. 209 pages of great information especially valuable to radio builders. ------------------------------------ 
wan nana nnn nnn nnn nnn nnn nn nnn nn nnn nn nnn nnn nnn nnn nn nnn nnn nnn nnn nnn nn nnn na nana nn nn nance nnnnnnnnnnns $21.95 - 10% = $19.75 
Zenith, The Glory Years, 1936 to 1945: 244 high-quality pages all about classic Zenith radios. Hundreds of 
high-quality color photos, and history from the Zenith company archives, never before available. If you like 
beautiful Zenith consoles, you will like this book! by Cones, Bryant, and Blakenship-----$34.95 - 10% = $31.45 
Zenith, The Glory Years, 1936 to 1945, Illustrated Catalog and Database: A companion volume to “The 
Glory Years,” this one has 151 pages of reproduced Zenith advertising and full serial number, chassis number, 
and production data that has never before been available in one reference manual, or to the public. 151 pages 
by Cones, Bryant, and Blankenship.-------------------------------------n-s-s--nencnnnonanncnananane $29.95 - 10% = $26.95 


Ordering Information: 
U.S. Mail Orders: Please add $4.50 shipping for one book and $1.00 for each addi- 


tional book, five or more books are shipped free to one address! Checks and 
money orders by US mail are fine. Overseas and Canadian Orders: Please inquire for 
shipping quotes. 


Available by mail order, by telephone at 720-924-0171 or on the 
Internet at www.ERmag.com 
Visa, MasterCard and American Express 
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Keep Your ER Magazines Organized! 
Sold in sets, shipped flat, easy to put together, no glue required. 
Each box holds about 12 magazines. 


These boxes are the correct size for many ER-size magazines, 
including Antique Radio Classified, The Old Timer's Bulletin, The 
Tube Collector, or The AWA Journal. 

Set of 10: $11.75 + $9.75 S&H 

Set of 15: $17.25 + $10.25 S&H 

Set of 20: $23.00 + $10.75 S&H 


ER Bookstore, 720-924-0171 
PO Box 242, Bailey Colorado, 80421-0242 


Or order on-line at WWW.ERMAG.COM 


WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO Box 
241455, Little Rock AR, 72223 501-868- 
1287, W5OR@militaryradio.com or 
www.r-389.militaryradio.com 

WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 
WANTED: WW Il German, Japanese, 
Italian, French equipment, tubes, manuals 
and parts. Bob Graham, 2105 NW 30th, 
Oklahoma City, OK 73112. 405-525-3376, 
bglcc @aol.com 


WANTED: QSL card from W9QLY - Frank 
(Mac) Maruna. Will buy or trade. Will buy 
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entire collections if a card from W9QLY is 
included. Will pay finders fee. Don 
Barsema, KC8WBN, 
donaldbarsema @ att.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Military radios vintage, 1952 
and back. Ken Kolthoff, KBAXH, PO Box 
215, Craig, MO 64437. 913-634-3863 


WANTED: R390, R390A and R392 


receivers dead or alive or parts/ 
assemblies. Any condition considered. Will 
pickup if you have enough items. Glenn, 
WA4AOS, 864-684-2956 


Aopril 2013 


Central Electronics Parts and Repair Support 


Nick Tusa, K5EF, is pleased to announce the resumption of parts support and radio 


alr. 


and even the VFO, absent your radio. And we can answer most any parts or service 


question via email or telephone. 


restorations for the entire Central Electronics product line. No matter if your need is a 
160M conversion kit, broadband couplers, AF Filter/Limiter parts, HV capacitors or a 
replacement coil for your rig’s bias/ptt relay, we have the parts to keep your rig on the 


Need help, but not a full restoration? Worried about shipping a 90-pound desk 
crusher? Don’t fret....we have special test fixtures to service individual plug in modules 


Please visit our web page, http:// 
www.tusaconsulting.com/ce.html for 
latest Central Electronics information and 
pictures of our newest restoration product 
for the 100V Broadband Transmitter: 
replacement meter faceplates. Order one today 
at our special introductory price and make 
your 100V look as great as it sounds! 
Contact: Nick Tusa, K5EF 
Telephone: 985-249-6467 


Fax: 985-249-6468 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil (R-390’s 
&backpacks) & tube radios. Also copies of 
postwar-90’s surplus catalogs, backpack 
specs & photos. W.K. Smith, FCI 
Allanwood Low, PO Box 1000, White Deer 
PA, 17887 


WANTED: Unconverted and unmodified 
Command BC-455 6-9 MHz receiver in 
original condition with all tubes. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612 after 6 PM EST 


WANTED: Need a band switch knob for 
Hallicrafters SX-100. Phone me before 
8:30PM Eastern time at 607-754-2848 — 
leave message and | will return your call, 
or email me at WA2EJT59 @stny.rr.com 
Thank you. Joe Long / WA2EJT 


WANTED: Desperately looking for WWII 
Navy RBS Type CCT 20235 Amplifier 
Power Unit. Mike Tara, 1-775-825-2605 
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WANTED: | need the following B&W plug- 
in coils to complete a rare transmitter I’m 
restoring: 2 each MEL or JEL type coils for 
160m, 80m, 40m, 20m, 10m. (5-pin plug 
end link). 1 each JVL type coil for 160m, 
40m, 20m, 10m. (5-pin plug center 
movable link). Please only coils in good 
condition. Dennis, 952-898-1082 
KOeoo @arrl.net 


WANTED: 1am building the SSB JR exciter 
from GE Ham News and need either a 
parts unit or the UTC R-38A transformer. 
Joseph, WA5ElJ, 713-503-0207 or 
WAS5EIJ @ Yahoo.com. 
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NATIONAL RF, INC. 


f gain, full size 2- 
Type AT-100 Switchable 
T-Pad Attenuator 


Provides -35db, -35db, -20db, and 
-10db attenuation steps in 11 


= meter quad antenna 
» designed for por- 
table operations. 
The mechanical de- 


= sign allows it to fold 
OL canwe - aleagee possible combinations. 


container also acts as 7969 Engineer Rd, #102 
the antenna’s support base when the antenna San Diego, CA 92111 
is erected. Full specifications available. www.NationalRF.com 
858-565-1319 


Electric Radio T-Shirts 


= in a container. The 


The front displays the logo from the cover of ER (the tube logo, Electric 
Radio, and “celebrating a bygone era’”’). The back has “Real Radios Glow 
in the Dark” (used with the permission of Classic Radio). The T-shirts are 
100% cotton and come in Small, Large, X-Large, XX-Large. The color is 
slightly lighter than the cover of ER. $16.50 delivered, $17.50 for XXL. 
(Medium Available by Special Order) 


119 E. George St 
Batesville, IN 47006 
USA 


Manuals 


Order on-line at: 
www.w7fg.com 


We are your 1-stop source 
for radio, test equipment, 


Send your questions to: and audio manuals 
sales@w7fg.com 


Order by phone: 


yPal, DISCOVER 
800-807-6146 US only mastercora MAMET. 
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customer satisfaction guaranteed! 


Subscription Information 


7 Published Monthly 

Rates within the US: 

Ist Class Rate: $45 (mailed in envelope) 
Periodicals Rate: $34 


Rates outside the US, by airmail only: 
Canada: US $54 


All other countries: US $75 
Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 
Office Hours: 9:00 AM to 5:00 PM MT, Monday to Saturday 
Subscriptions and renewals may now be purchased 
online at WWW.ERMAG.COM 
Visa, Mastercard and American Express 
FAX: 303-838-3665 


email: Ray@ERmag.com .or ileditor2@indra.com 
The Electric Radio mailing date is posted monthly at www.ermag.com 


Electric Radio 
Baseball Caps! 


Always popular, the Electric Radio 
baseball caps are a nice 6-panel 
all-cotton style with an adjustable 
rear headband and a 3-inch front 
brim. The background color is 
khaki, and the ER logo is 
embroidered in 4 colors, not 
printed. These hats will hold up 


for a long time. 


$22.95 Shipped Priority 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 
Or On-Line: www.ERmag.com f 


Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


PERIODICAL 


W9ADJ 01/14 
James Beyer 

6213 Countryside Lane 
Madison WI 53705-1025 


